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EXTRACTS 


KKOM THK 

I'REFAOE TO THE ElBST EDITION, 


This work is designed to give a clear and simple description of 
the elements and their ynincipal c<mipoiind8, and of the chemical 
principles involved in some of the most important bmnches of 
maimfacturi*. Keeping tliis in view, I have employed as few 
technical terms as p)ssihle, especially at the commencement, so 
that the student may glide into Chemistry without having first 
to toil llirough a ditlicnlt chapter on the terminology of the 
science, which he can never appreciate until he has hecorae 
acipiainted witli the oxaitiples which seiwe to illustrate its appli¬ 
cation. 

Convinced, hy exi>erienee, of the gi’cat assistance afforded to 
the learner hy referring him to a .sinij*le illustmtive e.vperiinent. 

I have introduced, generally in smaller tyi>e, a description, and 
in most ca.ses a wood-engraving, of the experiments which 1 
have found mo.st useful in illustrating lectures, hoping that these 
may prove of .‘service in fixing the attention of the student, mid 
may assist tho.se who are desirous of performing such experiments 
for their own iirstniction, or for that of a cla,ss. 

In general, Englisli weights and measures, and Fahrenheit ther¬ 
mometric degrees, have been employed, as conveying more clearly 
to the beginner the ah.solute value.s expressed, since the mental 
effort.of converiing what must still be called the Continental 
systems, slight though it be, might have the effect of diverting 
the attention of the reader from the chemical question under* 
considemtion. The various calculations have been conducted in. 
the simplest arithmetical form, because the moie compendious 
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a^ebraicaj expressions are not so generally intelligible, and when 
the principle is once understood, a general algebraical foimula for 
the calculatiou is easily constructed by the learner. 

The special attention devoted to Metallurgy and some other 
branches of Applied Chemistry, will render the work useful to 
those >yho are being educated for employment in manufacture. 

The military student will find more than the usual space allotted 
to the chemistry of the various substances employed in warlike 
stores. 

C. L. B. 



PREFACE TO THE SECOND EDITION. 


During the five years which have elapsed since the publication 
of the First Edition of this work, the adoption of the atomic system 
of notation has become so general among English chemists that 
I have felt obliged to employ it in the present edition. This 
change has rendered it necessary to commence the study of the 
non-metallic elements %vith Hydrogen instead of Oxygen, a course 
attended with some disadvantage to Ijeginners, because Hydrc^n 
is prepared and studied by processes which are strictly technical, 
whereas Oxygen is known in a free state in the atmosphere, where 
we constantly witness it.s chemical action upon other bodies. 
Moreover, the circumstance that the science of chemistry origin¬ 
ated ill the careful study of the phenomena of combustion towards 
the end of the last century, appears to me greatly in favour of our 
commencing a course of elementary chemistry from that point. 
Since, however, Hydrogen is the chemical unit of the atomic 
system, whilst Oxygen is a diatomic element, I have found it 
absolutely necessary to assign to this latter the second place. 
Indeed, to teach the atomic system in its integrity, it would be 
necessary to postpone the study of Oxygen until all the monatomic 
elements had been disposed of, and thus to defer, till a late period, 
the consideratiou of the processes of combustion which awaken 
the interest of even the least observant student. 

Although I thoroughly appreciate the beauty and hannony of 
the atomic system, and acknowledge the immense assistance which 
it has piibrded in research, I contemplate with regret its almost 



viii 


FUEl'ACU. 


universal adoption by chemical teachers in this country, since it 
involves the necessity of propounding the difficult hypothesis of 
the finite divisibility of matter at the conpnencement of a study 
which has been recommended to the student as strictly experi¬ 
mental, and as affording a mental relief from the abstractions of 
mathematics. Even if it be alleged that it is not necessary to 
mention atoms to beginnem, but that the teacher may confine 
himself, as is now sometimes tlie case, to combining proportions, 
the combining weight of hydrogen in water must be represented 
as 2; a perplexing, and at this stage totally unnecessary inquiry 
being suggested to the mind of the pupil, why it is set down as 1 • 
in the lists of combining weights. 

The numerous fiiiluies in Chemistry at the examinations now so 
much in vogue, appear to indicate the difficulty experienced by 
the immature minds of the young in laying hold of the ideas ol' 
atomicity and (juantivalcnco wliicli pervade many of the questions, 
whereas the mutual relations betM een the elements and their com 
pounds, which arc easily iuipre.ssed tin the mind by experiment, 
and involve as much (Jhemistiy as the young student can gnisj), 
are treated as of subordinate importance. 

The tendency to regard Chemistry as a modilied Algebra Las 
become so great .since the general introduction of the atomic 
system, that it is not uncommon for tencliers in schools to prepare 
the pupils for examination in Chemistry, who have themselves 
never had the opportunity of learning how to conduct the simples* 
chemical operation. 

To acquire a knowledge of the rudiments of Chemistry by per¬ 
sonal observation, bas, without doubt, a very ])eueficial elfeci; but 
to get up a number of formulai and equations, with the sole object 
of gaining a certain number of marks at examination, altogether 
defeats the object with which Chemistry should be introduced into 


a system of liberal education. 

In this edition 1 have endeavoured to preserve, as far as possible, 
the simple and experimental character of the work, and at the * 
same time to employ formulte in harmony with those now gene- 
k^ly* used. The nomenclatm’e has undergone very little change, 


since there is by no means a general agreement upon tliis subject; 



it ^ the greatest importance that the names by whicli 
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chemical oompotmds are known in common life should be kept 
before the stud^t in a chemical treatise. 


The attention of the student is called to the Table of Contents, 
which has been drawn up to serve the purpose of an abstract, by 
wliich he may examine himself upon each paragraph of the 
The Index is also a dictionary of the most important forniuhe, in 
which either the name of a compound may be releiTed to, in order 
to find its formula, or the formula may ]>e sought when it is 
desh'ed to ascertain the compound to which it belongs. 

C. L. B. 


Kino’s Cullecii, LoxnctN, 
Jahf 1872 . 


111 the follitwing page.s, the smaller type contain-s not only 
the desoriptiuus of experiments, but all such matter as would be 
«>f lc.s.s importance to a student de.-^iring only a general knowledge 
of the subject without going into details. 

A Table of .Momie Weights will b<- iouml at jiage 028. 
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INTRODUCTION. 


1. Chemistry describes the properties of the differeut particles of wLicli 
all kinds (*{ matter are composed, and teaches the laws which regolate 
their union with, or separation from, each otlior. 

Mifitw is anjl;hing which possesses weight. Matter is chemically; 
<livi(Iiid into two great classes—elements and compounds. 

An Element is that which has not been found divisible into more than 
one kind of matter. 

A Compound consists of two or more elements held together by chemi¬ 
cal attraction. 

Chemical Attraction is the force which causes diiTerent kinds of 
matter to unite, in order to form a new kind of matter. 

xJhemical Comhhiatwn is the operation of chemical attraction. 

Chemical Decompositim is tlie separation of two or more kinds of 
matter previously held together by chemicsd attraction. 

2. The edements known at present are sixtj’-four in nu.vib'”’. and are 
divided into metallic and non-metallic elements. 


Tho Nov-Mcfitllir Elements are (15). 


Oxygen, 

Hy<tpogcu. 

Nitrogen. 

Carbon. 

lloron. 

Silicon. 


Sulphur. 

Selenium. 

Tellurium. 

Phosphorus. 

Arsenic.* 


fluorine. 

Chlorine. 

Bromine. 

Iodine. 


The Metals are (49). 


Copsiuiu. 

Bnbidinm. 

I’otassinin. 

Sodium. 

Lithium. 

■ Barium. 
Strontium. 
Calcium. 

. Magnesium. 


Aluminum. 

Glucinnm. 

Zirconium. 

Thoriuum. 

Yttrium. 

Erbium. 

Terbium. 

Cerium. 

Lanthanum. 

Didyminm. 

Niobium. 


. Zinc, 
/Nickel. 

Cobalt. 

j^lron, 

' Manganese. 
/Chroraiiun. 
Cadmium. 
Uranium. 
Indium. 


/Uopiier. 

^ Bismuth. 
^Lead. 
Thallium. 

/Tin. 
Titanium. 
Tantalum. 
Molybdenum. 
Tungsten. 
Vanadium. 
r Antimony. 


r Mercury. 

^ Silver. 

Gold. 

Flatinum. 

Palladium. 

Rhodium. 

Ruthenium. 

Osmium. 

Iridium. 


The strict definition of a metal will be given hereafter. 

• Many of these elements are so rarely met with, that they have not 


* In many English chemical works arsenic is classeil among the metals, which it 
^embles In some of its properties. 
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received any useful application, and are interesting only to the profes- 
sioiud dienust. This is the case with selenium and tellurium, among the 
non-metallic elements, and with a large number of the metals. 

The following list includes those elements with which it is important 
that the general student should become familiar, together with the 
symbolic letters by which it is customary to represent them, for the sake 
of Iffevity, in chemical writings. 

* NourMetaUic Elements of praetkal importance (13). 

Oxygen, 

Hydrogen, 

Hitrogen, 

Carbon, 

Boron, 

Silicon 


0 

Sulphur, 

S 

Fluorine, 

F 

H 

N 

C 

Phosphorus, 

Arsenic, 

P 

Ah 

Chlorine, 

Bromine, 

Iodine, 

Cl 

Br 

I 

B 





Si 

/ 
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Metallic Elements of practical importance (26). 


Potassium, 

K (Kalium,) 

Cadmium, 

Cd 

i 

Sodium, 

Na (Nairivm .) 

Uranium, 

U 


Barium, 

Ba 

Copper, 

Cu 


Strontium, 

Sr 

Bismuth, 

Bi 


Calcium, 

Ca 

Lead, 

Pb 

(Pluinlnm.) 

Magnesium, 

Mg 

Tin, 

Su 

{SittmnKin .) 

Aluminum, 

A1 

Titanium, 

Ti 


Zinc, 

Nickel, 

Zn 

Ni 

Tungsten, 

Antiniouy, 

W 

{Wotframimi .) 

Rb 

{Stibium.) ^ 

Cobalt, 

Co 

Mercury, 

Ilg 

{ffi/draryyrum.) 

Iron, 

Fc (Fcrruiii.) 

Silver, 

Ag 

{Argentum .). 

Manganese, 

Mu 

Gold, 

All 


Chromium, 

fr 

Piatimun, 

Pt 



Although the 39 elements hero enumerated are of practical importance, 
many of them derive theii’ imi)ortance solely from their having met with 
useful applications in the arts. The numl)er of elements known to play 
an important part in the chemical changes concerned in the maintenance 
of animal and vegetable life is very limited. 


Elements concerned in the Chemical Chanr/es tahmy place in Life, 


Non-MetalKc. 

MelaiUc. 

Oxygen. Sulphur. 

Potassium. Aluminum. 

Hydrogen. 

Sodium. 

Nitrogen. Phosphorus. 

Iron. 

Carbon. 

Calcium. Manganese. 

Chlorine. 

Magnestuih. 

Silicon. Iodine. 



These elements will, of course, possess the greatest importance for those 
who study Chenustry as a branch of gener^ education, since a knowledge 
of their properties is essential for the explanation of the simplest chemical 
changes which are dailj'' witnessed. 

The student who takes an interest in the useful arts will also acquaint 
himself with the remainder of the 39 elements of practical iraporianeg, 
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wliilflt the lainomlogist and professional chemist must extend his studies 
to every known element. 

By far the greater proportion of the various materials supplied to us by 
ammals and vegetables consists of the four elements—oxygen, hydrogen, 
nitrogen, ^d carbon ; and if we add to these the two most abundant 
elements in the mineral world, silicon and aluminum, we have the six 
clmnents composing the bulk of all matter. 

The symbols of the chemical elements represent, as will be explaiq^d 
hereafter, definite relative, proportions by weight, or chemical units of the 
elements; thus 0 represents a chemical unit of oxygen, and C a chemical 
unit of carbon. 

. To express a number of chemical units of any element, it is usual to 
place a numeral below and to the right of the symbol; thus Og represents 
two chemical nnits of oxygen. 

The mere contact or mixeure of substances is expressed by the sign + ; 
thus, C + Og implies that a chemical imit of carbon has been brought into 
contact with two^wrixemical units of oxygen. 

But when the elements are chemically combined they are placed side 
by side; thus COg represents carbonic acid gas; CaO represents lime. 

To indicate that two comiwund Ixidies have combined to form a new 

compound, a point or a comma is p!ace<l between them; thus CaO.COg 

represents the compound of lime with carljonic acid, known as carbonab- 

of lime or chalk. 

* 

3. Compound substance.^ are commonly chissified by the chemist iutf» 
Organic and Innrgunic compoumls; and although it is impossible strictly 
to define the limits of each c^ass, the «livisiou is a convenient one for the 
purposes of study. 

Organic i«nhs1uiiec^ may bo detined as thos«* for wliieh we are indebted 
to the operation of animal or vegetable life, such as starch, sugar, &c. 

Im^rga}nr sututfancvK are ol»taine<l from the mineral world without-the 
inten'ention of life; as coiumon siilt, alum, 

Organic substances idw’ays contain carbon, generally also hydrogen and 
oxygen, aral very fre<puuitly nitrogen. 



INORGANIC CHEMISTRY 


CHEMISTEY OF THE NON-METALLIC ELEMENTS. 
ANP THEIE COMPOUNDS. 


WATER. 

4. A centLuy has not yet olapsetl since water ceased to bo re<»arded as 
an elementary form of matter. It was first resolved into its constituent 
elements, hydrogen and oxygen, by subjecting it to the influence of tlie 
voltaic currentf which decomposes or analyses the water by ovemoming 
the chemical attraction by which its elements are held together. 

An arrangement for this purpose is represented in fig 1. 



Fig. 1.—Electrolysis of water. 


The glass vessel A contains water, to which a little sul})liuric acid has been added to 
increase its power of conducting electricity, for pure water conducts so imperfectly that 
it is decomposed with great dimcnlty. B and C are platinum plates bent into a cylin¬ 
drical form, and attache*! to stout platinum wires, which are passed through corks in 
the lateral necks of the vessel A, and are connected by binding screws with the copper 
wires D and E, which proceed from the ^vanio batte^ Q. H and O are glass cyltu- 
ders with brass caps and stop-cocks, and are enlare^ into a bell-shape at their lower 
ends for the collection of a considerable volume m gas. Tliese oymiders are filled 
with the acidulated water, by sucking out the air through the opened stop-cocks; on 
closing these, the pressure or the air wiH of eourse sustain the column of water ih 
the ^lindera. 6 is a Qrore’s battery, consisting of five cells or earthenware vessels 
(A, ng. 2) filled with diluted sulphuric acid (one measure of oil of vitriol to four of 
water). In each of these cells is placed a Iwnt idate cf zinc (B), wliich has been. 
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amcUgamaUd or rubbed wHh tuereuiy (aud dilated snlpbuiic aeid) to protect it from 
corrosioQ by tbe acid when the battery ia not is use. Within the carved {lortion of 




Fig. 3. 


this plate rests a small flat vessel of ang1az>‘d earthenware (0), filled with 
nitric acid, in which is iiiuuersed a sheet of platinum foil (D. The platinum (ID) of 
e^h coll is in contact, at its npper edge, 
with the zinc (B) in the adjoining cell (ng. 

3), so that at one end (P, fig. 1) of the 
batten' there is a free jdatiuum plate, and at 
the other (Z) a free zinc plate. These plates 
are connected with the wires D aud E by 
means of the copfier plates L and K, attached 
to the ends of the wooden trough in which 
the ctdls are arranged. The wire 1) (fig. 1), 
which is connected with tlio last zinc plate 
of the battery, is often called the nega¬ 
tive pule whilst £, in connexion with 
the last plathinm plate, is called the **positive 
pole.” 

When the connexion is established by means of the wire D and E with the **de* 
comiK>sing cell” (A), the “ralvaiiic cun-ent” is coimnonly said to pass along the 
wire £ to the platinum {oate (1, through the 
acidulated w’atcr ui the decum]K>sing cell, to the 
plntinmn plate B, and thence along the wire D back 
to the battery. 

A very elegant apparatus (fio. 4) has been 
devised by Dr Hofmann for exTiibiting the de- 
eomitositiun of water by the galvanic current. 

The water displaced (\v the gases acenniulating 
in tlie tubes A, o collects in the bulb b uimn the 
longer branch, and exerts the pressure necessary 
to force the gases out when tno stop-cocks are 
opened. The stop-cocks, being made of glass, are 
not corroded liy tlie acivl. 

5. Diirmg tliis “ passage of the current” 

(wliich is only a figurative mode of express¬ 
ing the transfer of the electric influence), 
the water intervening hetwoen the plates B 
and C is decompo.sed, its hydrogen being 
attracted to the jtlato B (negative pole), 
and tlie oxygen to the plate C (positiyo 
jiole). The gases can bo seen adhering in 
minute hubbies to the surface of each plate, 
and os they increase in size they detach 
themselves, rising through the acidulated 
water in the tubes H and*0, in which the 
two gases are collected. 

Since no transmission of gas ia observed between the two plateil, ifeb is 
evident that the 11 aud 0 separated at any given moment &om plate 
do not result flrom the decomposition of one particle of water, but £com 



Fig. 4.—-EleetrolyBifl of water. 
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water lying between Ibe plates F and Z before tbe “ current" is p^eu, 
and B the state of the particles when the current has been established. 
P is (the positive pole) in connexion with the last platinum plate of the 
battery, and Z is (the negative pole) in connexion with the last zinc 
plate. 
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The signs + and - made use of in E refer to a common mode of account 
ing for the decomposition of water by the battery, on the supposition that 
the oxygen is in a negatively electric condition, and therefoi’e attracted by 
the positive pole P; whilst the hydrogen is in a positively electric condi¬ 
tion, and is attracted by the negative jiole Z. 

The decomposition of compounds by galvanic electricity is termed clec- 
trolym.* When a compound of a metal with a non-metal is decomposed 
in this manner, the metal is usually attracted to the (negative) pole in 
connexion with the zinc plate of the battery, whilst the non-metid Ls 
attracted to the (positive) polo connected with the platinum plate of the 
battery. 

Hence the metals arc frequently s]>okon of as olectro-jKvsitive elements, 
and the non-metals as electro-neyaihe. 

G. If the passage of the “ current” be interrupted when the tube H has 
become full of gas, the tube 0 wiU bo only half full, since water contaim 
hydrogen and oxygen in the proportion of two volmms of hydrogen to one 
volume of oxygen. When the Avider portions of the tubes (tig. 1) are 
also filled, the two gases may be distinguished by opening the stop-cocks 
in succession, and presenting a buniing match. The hy«lrogon will b(j 
known by its kindling with a slight detonation, and burning Avith a very 
pale flame at the jet; whilst the oxygen will very much increase the 
brilliancy of the burning match, and ii’ a spark left at the extremity of 
the match be presented to the oxygen, the spark will bo kindled into a 
flame. 

Another method of eflecting the decomposition of water by electricity 
consists in passing a succession of electric spades through steam. It is 
probable that in this case the decomposition is produced rather by the 
intense heat of the spark than by its electric influence. 

For this purpose, however, the galvanic battery does not suffice, since 
no spark can be passed through any appreciable interval between the wires 
of the battery,—a fact which electricians refer to in the statement that 
although the quantity of electricity developed by the galvanic battery is 
largo, its intensity is too low to allow it to discharge itself in sparks like 
the electricity from the machine or from the induction-coil, wliich pos¬ 
sesses a very high intensity, though its quantity is smaU. 

7. The most convenient instrument for producing a succession of elec- * 
trie sparks is the mduc-twn-coil, by the aid of which the electric influence 

* *Jl\wrpw (amUer -root of ehctricify)\ X«w, to loosen. 
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of even a single cell of the galvanic batteiy may be eo accumulated as to 
become capable ef discharging itself in sparks, such as are obtained from 
the electrical machine.* 

Fig. 6 presents the arrangement for exhibiting the decomposition of steam by 
the ^octric spark. 

A is a half-pint flask furnished with a cork in which three holes are Imred; in one 
of these is inserted the bent jg^ass tube B, which dips beneath the surface of the water 
in the trough C. 



D and E are glass tu1>«8, in each of which a platinum wire lias been sealed so as 
to project about on inch at both ends of the tube. ITicse tubes are thrust through 
the holes in tlie cork, and the wires projecting inside the flask are made to approach 
to within aliout inch, so that the spark may |)as8 easily between them. 

The flask is somewhat more than half tilled with water, the cork inserted, and the 
tube B allowed to dip beneath the water in the trough ; the wires in D and £ being 
connected with the thin copper wires passing trom the inductiou-coil F, which is 
connected by stout copper wires with the small batteiy G. 

The water in the flask is boiled for about fifteen minutes, until all the air con¬ 
tained in the flask has been displaced by steam. When this is the case, it will be 
found that if a gla-ss test-tube (H) filled with water be invertedf over the orifice of 
the tube B, the bubbles of steam will entirely condense, with the usual sharp rattling 
sound, and only iusignificant bubbles of air will rise to the top of the test-tube. If 
now, whilst the boiling is still continued, the handle of the coil (F) be tamed so 
us to cause a succession of sparks to pass through the steam in the flask, large 
bubbles of incondensable gas will accumulate in the tube H, This gas consists of 
the hydrogen and oxygen gases in a mixed state, having been released from their 
e&mbtwd condition lu water by the action of the electric sparks. The gas may be 
tested by closing the mouth of the tube H with the thumb, raising it to an upright 
position, and applying a lighted match, w’hen a sharp detonation will indicate the 
recombination ufjt^e .gases, 

It has long lieen .4cnown that a very intense heat is capable of decomposing water. 
The temperature rec^uired for the purpose is below the melting point of platinum, as 
may be sliojnt by the appamtus represented in fig. 7. 

A platinum tube (t) is heated by the burner b, the construction of which is shown 
at the bottom of the cut. It consists of a wide brass tube, from which the coal ^ 
issues through two rows of holes, between which oxygen is supplied through the holra 
in the narrow tube, brazed into a longitudinal slit between the two rows of holes in 
tlie gas tube. The oxygen is supplied from a gas-bag or gas-holder, with which the 
pipe (o) is connected. 

The flask (/) containing boiling water is furnished with a Mrforated cork, carrying 
a brass tube (a), which slips into one end of tlie platinum tUDO, into the other end of 


• For a description of the induoUon-coil, see-MiUei's “Elements of Chemistry," Part I. 
p. 676. 

, t Tlie end of the tube B should lie bent upwards and thrust into a perforated cork with 
notches cut down the sides. By slipping this cork into the neck of the test-tube, the latter 
will ^ held firmly. , „ . , . , . 

t With a iMJwerful coil, a cubic inch of explosive gas may be couected in about fifteen 
, minutes. 






8 DicosrpoamoH of steam. 

which (mother hress tube (c) is slipped; this is prolonged by a glass tube attiu'bed by 
mdw^Tobba, BOSS to deliver the gaa ander a smell jar ataauwg npou e- beo*Iuve saeJi 

*”lie tube is not heated until the whole apparatus is full of steam, and n«> 
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Fig. 7.—Decomposition of steam by heat. 


more bubbles of air are seen to rise through the water in the trough ; the giks-lmrner 
is ^en lighted, and the oxygen turned on until the platinum tube is heated to a very 
bright red heat; bubbles of the mixture of hydrogeu and oxygen resulting from the 
decomposition of the water may then be collected in the small jar, and nfterwanls 
exploded by applying a iiamc. 

8, The decomposition of water hy the galvanic current proved that 
there are ttoo volumes of hydrogen combined with on^ volume of oxygen.. 

Hydrogen is the lightest form of matter with which we are acquainted, 
and is therefore generally regarded as the chemical unit of weight and 
volume, t.e., om \tart hy weight of hydrogen occupies one volume. 

Oxygen is found to bo sixteen limes as heavy as hydrogen, that is, a 
given measure of oxygen weighs sixteen times as much as an equal moasuro 
of hydrogen. 

Since the two volumes of hydrogen in water represent two i)arts by 
weight, the one volume of oxygen represents sixteen parts hy weight. 

Water is invariably found to contain exactly these proportions of its 
elements, illustrating the law of definite proportions^ that a given com¬ 
pound always contains the same elements in the same proportions. 

This law is characteristic of the force of chemical attraction, no such 
law being observed in the operation of either of the other forces of attrac¬ 
tion by which the particles of matter are influenced, viz,, tliose of gravi¬ 
tation, cohesion, electricity, and magnetism. To account for the existence 
of such a law limiting the operation of chemical attraction, it is necessary 
to refer to the theory of the atomic constitution of matter. 

Atomic Theory .*— ^All matter is composed of minute particles, which 
are incapable of being further subdivided, and are therefore called «/onw.t 

The atoms of the same element have all the same weight, but the atoms 
of different elements have different weights. • 

A compound form of matter results from the operation of chemical 
attraction between a definite numl>er of atoms of each of the elomontf^ 
composing it. 


• Bewpia, a (mode of) vkwiug. 


t "Arofiot, indivisible. 
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Thus, if each atom of oxygen is eixteen times as heavy as eaeh of 
hydrogen, watOT, which contains 16 parts by weight of oxygen, and 2 
parts % we^ht of hydrc^n, must be composed of one atom of oxygen 
and two atoms of hydrogen, as indicated by the Sarmula H,0, the atomic 
formula of water. Since it is found that aM gatm are ex^itded to the 
same extent by being heated to the same degree, and are contracted to the 
same extent by the aj^lication of etjutd amounts of pressure, thtgr must 
contain equal numbers of atoms in equal volumes.* 

Hence, since water contains twice as many volumes of hydrogen as of 
oxygen, it contains twice as many atoms of hydrogen. 

Very important evidence in favour of the atomic tlieory is derived from 
the consideration of the specific heats of the elementary forms of matter. ^ 

A given weight of hydrogen gas, in cooling down tlirough one degree ' 
of the thermometer, gives out sixteen times as much heat as on equal 
weight of oxygen gas gives out in cooling down through one degree. Or, 
conversely, to raise the temi^rature of a given weight of hydrogen through 
one degree, requires sixteen times as much heat as would be required to 
raise the temperature of an equal weight of oxygon through one degree. 

Tliis is generally expressed by saying that the specific heat of hydrogen ^ 
is sixteen times that of oxygen. 

Hence, 16 parts by weight of oxygen, in cooling down through one 
degree, gives out as much heat as 1 part by weight of hydrogen. On the 
assuniption, therefore, that the atom of oxygen is sixteen times as heai'y 
as the atom of hydrogen, the atoms of these elements are associated with 
equal amounts of heat, a conclusion quite in harmony with the results of 
other physical observations. Uidortimately, the specific heats, like the 
specific volumes, of dilferent substances, can only be compared when they 
are in the same physicjil condition, since the specific heat of a given sub¬ 
stance varies accordingly as it is in the gaseous, liquid, or solid form, and 
since the greater number of the elements cannot be obtained in the 
gaseous state, it is not pos.siblo to compai*e theii- specific heats with that 
of hydrogen. Moreover, the determination of the specific heats of gases 
and vapours is attended with great difficulty, so that only oxygen and 
nitTOgeu have at present been shown by exj>eriment to have the same 
atomic heat as hydrogen. 

(Definition. —The atomic heat of an clement is the product of itsj 
specific heat multiplied by its atomic weight.) 

The atomic heat of hydrogen is 3 4090; those of oxygen and nitrogen 
are 3*48 and 3-41 respectively. The atomic heats of tiie solid elements 
are, as a rule, expressed by a number which is nearly double this, but the 
variations are so considerable (the discrepancy amounting in some cases to 
nearly ^\f), that although tlio identity of the atomic heats is distinctly in¬ 
dicated, it cannot bo said to have been satisfactorily established in all cases. 

9. In the preceding experiments, the force of chemical attraction holding 
the particles of o.xygen and hydrogen together in the form of water, has 
been overcome by the physical forces of heat and electricity. But water 
may be more easily decomposed by acting upon it with some element 
which has a sufficiently powerful chemical attraction for the oxj^n of 
water to draw it away from the hydrogen. 

• Ho non-metallic element is capable of abstracting the oxygen from water 
at the ordinary temperature. 




Assuming, of course, 


that t)tc atoms arc placed at equal distances apart in the cose of 
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A€tION OF METALS ON WATEll. 


Among the practically important metals, there are five which have to 
poweifiil an attraction for oxygen that it is necessary to preserve them in 
bottles filled with some liquid free from that element, such as petroleum, 
(composed of carbon and hydrogen), to prevent them from combining 
with the oxygen of the atmosphere. These metals are capable of decom¬ 
posing water with great facility. 

Metals which decompose water at the ordinary temperature. —Potassium, 
Sodium, Barium, Strontium, Calcium, • , - ’ 

* When a piece of potassium is thrown upon water, it takes fire andliiirns 
with a fine violet iiame, floating about as a molted globule upon the surface 
of the water, combining with the oxygen, and producing, in the act of 
combination, enough beat to kindle the hydrogen as it escapes. The 
violet colour of the flame is due to the presence of a little potassium 
in the form of vapour. The same results ensue if the potassium be placed 
on ice. The water in which the potassium has been dissolved will bo 
found soapy to the touch and taste, and will have a remarkable action 
upon certain colouring matters. Paper coloured with the yellow dye inr- 
merie becomes brown when dipped in it, and paper coloured with red 
litmus (archil) becomes blue. Substances possessing these properties 
have been known from a very remote period as alkaline substances, ap¬ 
parently because they were first observed by the alchemists in the ashes 
of plants called Jcali. 

The alkalies are among the most useful of chemical agents. 

Definition of an alkali .—A compound substance, very soluble in water, 
turning litmus blue and turmeric brown. 

These alkaline properties are directly opposed to the characters of 
sour or acid* substances, such as vinegar or vitriol, which change the 
blue litmus to red. 

IVTien an acid liquid, such as vinegar (acetic acid) or vitriol (sulphuric 
acid), is added to an alkaline liquid, tlic characteristic properties of the 
latter are destroyed, the alkali being nevtrulised. 

I An acid substance may be kno^vn by its property of neutralising an 
alkali (either entirely or partly). 

The minute investigation into the action of potassium upon water 
would require considerable manipulative skill. It would be necessary to 
weigh accurately the potassium employed, to evaporate the resulting 
solution in a silver basin (most other materials being corroded by tlie 
alkali), and after all the water had been expelled by heat, to ascertain the 
composition of the residue by a chemical analysis. 

It would be found to contain, by weight, 1 part of hydrogen, 16 parts 
of oxygen, and 39 parts of potassium. 

Since water contains 2 parts by weight of hydrogen, combined with 
16 parts of oxygen, it is evident that the product of the action of potas¬ 
sium on water is formed by the substitution of 39 parts of potassium for 
1 part of hydrogen. 

It is found that whenever potassium takes the place of hydrogen in a 
compound, 39 parts of the former are exchanged for one of the latter, and 
this is generally expressed by stating that 39 is the chemicod equivalent 
of potassium. * 

The chemical equivalent of a metal expresses the weight which |8 
required to be substituted for one part by weight of hydrogen in its 
compounds. 

• Prom ditij, ft point, Toferring to the pungency or sharpness of the acid taste. « 
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The action of potassium upon water is an example of the productiim of 
compounds by substitution of one element fot another, a mode of forma¬ 
tion which is far more common than the production of compounds by 
direct combination of their elements. 

' * It is commonly assumed by chemists that the weight of an atom of 
potassium is 39 times that of on atom of hydrogen. 

If the symbol K bo taken to represent 39 parts by weight of potassium, 
its action upon water would be represented by tbo chemical equatiem 

H/.) -f K = KHO + H. 

' Water. Caustic potash.* 

Sodium has a less jwwerful attraction for oxygen than potassium, and 
docs not usually take fire when thrown into cold water, althongh it is at 
once fused by the heat evolved in its combination with the oxygen. By 
holding a lighted match over the globule as it swims upon the water, the 
hydrogen may be kindled, w'hcn 
its flanuj is bright yellow from the 
presence of the sodium. The solu¬ 
tion will bo found strongly alkaline 
from the soda produced. By plac¬ 
ing the sodium on a piece of blotting 
paper laid on the water, it may be 
made to ignite the hydrogen spon- 
tsxneou.sly, because the paper keeps 
it stationaiy^, and prevents it from 
Ixsing so rapidly cooled by the water,. 

Several cubic inches of hydrogen 
may easily bo collected by }»lacing 
a piece of sodium as large as a bean 
in a small wire-gauze box (A, fig. 8), and holding it under an inverted 
cylinder (B) filled with w'uter and standing upon a Ijeo-hive shel£ 

The product of the action of sodium xipon water contains 1 part hy 
weight of hydrogen, IG of oxygen, and 23 of sodium, so that the 23 parts 
of sodium have been exchanged for, or been found chemically equivalent 
to, 1 part of hydrogen. 

The atom of sodium is generally takcii to bo twenty-throe times as heavy 
jis the atom of hydrogen. 

Taking the symbol Na to riiprescnt 23 jjarts by weight of sodium, its 
action on w'atcr would bo expressed thus— 

H^O -f Na - NaHO + 11. 

Caustic sinlo. 

Barium, strontium, and calcium decompose W’ater less rapidly than 
potassium and sodium. 

The tondeney of heat to separate the elements of water being known, 
it might be ex|)octed that metals which refuse to decompose water at the 
ordinary temperature, would be. induced to do so if the temperature were 
raised, and accordingly magnesium and nmganeeiej, which are. ujjthqut 
action upon cold water, decoqipose it at the hailing poini, disengaging 
hydrogen, and producing' magnesia (MgO, a feebly alkaline eartlA and 
oxide of manganese (MnO). 

. . suit ». Mmp 

• Caustic, from Kam, to Iraru, in allusion to its corrosive properties; and potash, fttim 
its having bseii originally pre{mrcd from the washings of wood ashes boiM down in iron 
I^ts and decomposed hy lime. 
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AmON OF METAI^S OJf WATEK. 


gzieMti^ amnber of the coinnioii metals must be raised to a mue 
hi^ll^^i^ilpitKexatiiro this in order to enable them to decompose water. 
ThA°IKj|i^$WU]^ metals will abstract the oxygen fix>m water at high tem- 
peratneel, those at the commeiicemont of the list requiring to be h^ted 
to redness (about 1000° F.), and the temperature required progressively 
increasing, until it attains whiteness for those at the end of the list. 

Meiah which decompose water at a temperature above a red heat .— 
Zinc, Iron, Chromium, Cobalt, Mckel, Tin, Antimony, Aluminum, Lead, 
J&ismuth, Copper. 

The noble metals, as they are called, which exhibit no tendency to 
oxidise in air, are incapable of removing the oxygen from water, oven 
at high temperatui'ua 

Metals which arc incapahh of decomposing water. —Mercury, Silver, 
Gold, Platiniun. 


HYDROGEN. 

10. Preparation of hydrogen .—The simplest process, chemically speak¬ 
ing, for preparing hydr(*gen in (luantity, consists in passing steam ever 
red-hot iron. An iron tube (A, fig. 9) is filled with iron nails and fixed 



Fig. 9.—Preparation of hydrogen from stoani. 


across a furnace (B), in which it is heated to redness by a cliarcoal lire. 
A current of steam is then passed through it by boiling the water in the 
flask (C), which is connected with the iron tube by a glass tube (D) and 
perforated corks. The hydrogen is collected from the glass tube (G) in 
cylinders (E) filled with water, and inverted in the trough (F) upon the 
b^hive shelf (H), the first portions being allowed to escape, as containing 
the air in the apparatus. The. iron combines with the oxygen of the 
watdr to form the black oxide of iron which will be found in 

a crystalline stale upop the surface of the metal. The decomposition is 
represented by the equation • 

4H^O + Fe, = ,Fe,di + H^. 

Wat«r. lUttcic oxide of iron. 
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Tho weight of an atom of iron is belitwed to be 56 timqe that of an atom 
of hydrogen ; benco the in the above equation represent 56 x 3, or 
168 parts by weight of iron. 

The process by which hydrogen is most commonly prepared consists in 
dissolving iron or zinc in a mixture of sulphuric acid and water. 

Zinc is th<f most conve¬ 
nient metal to employ for tho 
preparation of hydrogen in 
this way. It is used either in 
small fragments or cuttings, 
or as gramdided zinc, pre- 
pare«l by melting it in a ladle 
and pouring it from a height 
of three or four feet into a 
pailful of water. The zinc 
is placed in tho bottle 
(A, 6g. 10), covered with 
water to the depth of two 
or three inches, and dilated 
sulphuric acid slowly poured 
in through the funnel tube 
(11) until a pretty brisk effervescence is observed. The hydrogen is unable 
to escape through tho funnel tube, since the end of it is beneath the surface 
of tho water, but it passes off through the bent tube (C), and is collected 
over water as usual, tho first portion being rejected as containing air. 

By evaporating the larger excess of Avater from tho solution left in tho 
bottle, crystals of sulphate of zinc (white vitriol) may bo obtained. 

It will bo noticed that tho liquid becomes very hot during the action' 
of tho acid upon tho zinc, tho heat being produced by the combination 
which is taking place. The black fljikes Avhich separate during the solu¬ 
tion of the zinc consist of metallic lead, which is always present in the 
zinc of commerce, and muck accelerates tho evolution of hydrogen by 
causing galvanic action. Pure zinc placed in contact Avith diluted sulphuric 
acid evolves hydrogen very sloAvly, 

Tlio preparation of hydrogen by dissolAung zinc in ailutcd sulphuric acid 
may be represented by the equation* 



Kij;. 10. -Preiwiralion of hyiirogeu. 


11 , 0 . 80 , 
Sulphnrte Add 
combined with water. 


+ Zn = ZnO. so, + 


11 . 


Sulpliatc of zinc. 


The symbol Zn here represents one atom of zinc, Avhich is believed to 
be 65 times as heavy as tho atom of hydrogen. An atom of zinc has 
here displaced tAVo atoms of hydrogen, whereas it was found that an atom 
of potassitun displaced only ono atom of hydrogen, that is, 39 parts by 
weight of potassium are equivalent to 1 part of hydrogen. 

Tho atomic weight and equivalent weight of potassium, therefore, are 
represented ky the same number, which is often expressed by saying Jthat 
pota^um is a monatomic ^ment, i.e., is exchangeable for one atom of / 
hydrogen. 

• In this equation the qxcess of water winch must be added to dissolira the sulphate of 
zinc is not set down. Hydmgen could not be prepared according to the eqnatioa as it 
stands, because tho sulphate of zinc would collect round the metal and prevent farther 
jwtlon. - . 
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PBOPEKTIES OF HYOBOOEN.. 


Bat since 65 parts of zinc displace 2 parts of hydrogen, the equivalent 
of zinc, or that quantity which is exchangeable for 1 part by weight of 
hydrogen, would be 32‘5. 

The atomic weight of zinc, therefore, is double its equivalent weight, 
or zinc is a diatomic element, i.e., is exchangeable for two atoms of 
hydrogen. This is commonly expressed by writing the symbol of zinc 
thus— Zd!\ 

Iron might be used instead of zinc, and the solution when evapomted 
would then deposit crystals of green vitriol or eopjierm (sulphate of iron 
FeO . SO 3 ), the action of iron upon water in the presence of sulphuric 
acid being represented by the equation 


HjO.SO, + Fo 

Sulpimric acid 
combined with water. 


F 0 O. 8 O 3 + H, 

Sulphate of iron. 


which shows that one atom (56) of iron has taken the place of two atoms 
of hydrogen. 28 would then be the chemical equivalent of iron, and this 
met^ is diatomic, like zinc. 

11. Physical properties of hydrogen ,—This gas is pewnanent, invisible, 
and inodorous when pure. The hydrogen obtained by the ordinary 
methods has a very disagreeable smell, caused by the presence of minute 
quantities of compounds of hydrogen with sulphur, arsenic, tod carbon j 
but the gas prepared with pure zinc and sulphuric acid is quite free from 
smell. The most remarkable physical property of hydrogen is its light¬ 
ness. It is the lightest of aU kinds of matter, being about as heavy 
as air, and -rn^ir heavy as water. 

The lightness of hydroceu may be demonstrated by many interesting experiments. 
Boap bubbles or small balloons (of collodion for example) will ascend very rapidly if 
inflated with hydrogen. A light beaker glass may be accurately weighed in a pair 
of scales ; it may then be held with its mouth downwards, and hydrogen poured np 
into it from another vessel. If it bo then replaced upon the scale-pan with its 
mouth downwards, it will be found very much lighter than before. Another form 
of the ex})eriment is represented in fig, 11, where a light glass shade has been sus- 
])ended from the balance and counterpoised, the c<iuilibrinm being, of course, at once 
disturbed when hydrogen is poured up into the shade. If a stoppei-cd gas jar full 
of hydrogen be held with its mouth downwards, and a piece of smouldering brown 
jmper held under it, the smoke, which wonld riso freely in the air, is quite unable 
to rise through the hydrogen, and remains at the mouth of the jai* until the stopper 
is removed, when the hydrogen quickly rises and the smoke follows it. 


12. The employment of hydrogen for filling balloons renders a know¬ 
ledge of the relation between the weights of equal volumes of hydrogen 
and atmospheric air of great importance. The number expressing this 
relation is termed the qteeific gravity of hydrogen. f , , 41 > 

Definition. —The specific gi-avity of a gas or vapour is its weight as j 
compared with that of an equal volume of some olber gas, selected as a \ 
standard, at the same temperature and pressure. 

If the weight of a given volume of purified and dried air he repre¬ 
sented as unity, an equal volume of hydrogen, at the same temperature 
and pressure, would weigh 0*0692, which is expressed by saying that the 
specific gravity of hydrogen fair = 1) is 0*0692. In ascertaining the 
weights of definite volumes 01 gases, it is of the greatest importance that 
%they should have some definite temperature and pressure, since the volume 
, .qf a given we%ht of gas is augmented by increase of temperature and bjfc i 
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decrease in pressure. In England it is usual to stete the weights of gases 
at the temperature of 60° on the Fahrenheit thermometer, and under a 
pressure of 30 inches of mercury in the barometer, these being regarded 
as the average conditions of the climate. 



Fig. 11. 


On the Continent the standard pressure is very nearly the same, being 
760 millimetres of the barometric column, or 29’922 inches; but the 
standard temperature is that of melting ice, or 0° on the centigrade 
scale, corresjjonding to 32“ F., a temperature to which gases may be I'educed 
at will, by surrounding with melting ice the vessels in which they are 
collected for the purpose of being weighed. 

One grain of hydrogen, at 60° F. and 30 inches liar., measures 46‘73 
cubic inches. 

Expressed on the Continental system, one gramme (15*43 grains) of 
hydrogen, at 0° C. and 760 mm. Bar., measmes 11‘19 litres (one litre = 
61‘024 cubic inches = 1-76 pints). 

It is now easy to calculate how nuicli zinc it would be necessary to dissolve in 
sulphnric acid in order to obtain any desired volume, aay 100 cubic feet (172,800 
cubic inches) of hydrogen. Referring to the equation for the preparation of hydro¬ 
gen, Zu + H,0 ."SO 3 = Hg + ZnO. S(\, and remembering that Zn represents 66 
parts by weight of zinc, and Hg 2 ftarts by weight of hydrogen— 

3 gr«. B. gs^s. Zn. Cut), in. 

93-46 cub. in. : O.*! :: 172800 : «(= 12018 grs. zinc). 

13. It will be observed, in the experiment witii the balance (fig. 11), 
that the gas gradually/aWs out of the jar, notwithstanding its lightness, 
and is replaced by air; so that, after a time, the equilibrium is re¬ 
stored. This is accounted *for by a physical property belonging to 
£()1 gases (and vapours) called diffusihiUfy, which may be defined as 
the tendency of the paHides of a gas to separate as far as possible from 
each other. If a jar of hydrogen were placed with its mouth down- 
awards over a jar of air, this mutual repulsion among the particles of each 
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gas. would cause it to itself equally tlpughout l)Oih jaia, so that, 

eventually, as much hydrogen will he found in the lower jar as if it Jiaa 
been completely exhausted of air before the commencement of the experi¬ 
ment. This is often expressed by the statement that om gas acts^ as a 
vacuum to another, which is true as far as the ultimate result is con¬ 
cerned, though, of course, the time occupied by the passage of a gas into 
a vacuum would be far less than that required for its passage into another 
gas. Even if the two jara be connected only by a tulie with the narrowest 
pfesage possible, the same result would be arrived at, but after a longer 
period. 


This tendency of the particles of a gas to separato as far as possible from each other, 
or as it is sometimes called, the mutual repulsion of the particles of gases, is due to the 
constant movement of these particles; for although no appearance of motion can be 
seen, a little consideration will show that the particles of a gas are never at rest. It 
is well known that in a vessel containing a gas, the pre.ssure of the gas is exerted 
equally in all directions ujwn the sides of the vessel; and if two vessels lx; filled with 
gases of different relative weights, the pressure, may be the same in both, notwith¬ 
standing the difieronce in the actu^ weights of the gases. For example, if two jars 
of equal size be filled witli hydrogen and oxygen, over the pneumatic trough, the 
pressure of each gas will cnnal that of the atmtwphere, when the water within the 
jars has the some level as. the water in the trough, although the actual weight of the 
oxygen is sixteen times that of the hydrogen. 

Tnie pressure of the. upon the sides of the eontoining vcs.sel is due to the con¬ 
stant motion of its particles, which causes them to strike upon the sides of the vessel 
with au amount of force which constitutes the pressure. Thus, in a gas having a 
pressure equal to that of the atmosphere, the particles of gas are delivering blow.s 
upon the sides of the containing vessel with a force amounting to about 15 lbs. 
upon every square inch of the smlaco. Since each particle of hydrogen i.s only iV of 
the weight of the particle of oxygen, it is evident that, in order to strike the sides of 
the vessel with the same force, the velocity of the hydrogen particles must lx^ much 
greater than that of the oxygen particles. But if the hydrogen iwrticles moved six¬ 
teen times as rapidly as the oxygen particles, not only would each hydrogen iwrticlo 
strike sixteen blows whilst each oxygen particle was striking one Tdow, hut sixteen 
times as many hydrogen particles would deliver their blows in the sanm time, and 
we should have— 


WcIkM.. 

Oxygen, Ifi 
Hydrogen, 1 


Vetocify, 

X 1 

X 16 


Ko. of stiDkes 
In iuiTnc tltnc. 
X 1 

X 16 


I’rcsswf. 

= 16 

16 X 16. 


If, however, the hydro^n particles move with four times the velocity of the oxygen 
particles, the pressures of the gases will be equal, thus— 


Weight. 

Oxygen, 16 

Hydrogen, 1 


X 

X 


Velocity. 

1 

4 


No. of Btrukes 
In game time. 
X 1 

X 4 


IVcBBure. 

16 

16. 


This affords an illnstration of the law that the rates of diffusion of the gases are. 
inversely as the square roots of their reUMve weigJds. 

Bate of Diffusion . Bate of Diffusion . . 
of Hydrogen, ‘ of Oxygen, ’ ‘ 

It has been calculated tliat the actual velocity or rate of translation of the particles 
of Jwdrogen amounts to 6050 feet per second. • 
when a jar of hydrogen, having its mouth tamed upwards, is open to the air, the 
rapid escape of the hydrogen is due, firstly, to its displacement, in consequence ef 
me heavier air falling into the jar,- and, secondly, to the rapid motion or diffusion 
'. , . ^ pMtioies of the nydre^n, which projects them out of the mouth of the vessel. 
It» found tbat the escape oiie to Uie finst of these causes may be prevented by cloa- 
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Fig. 12. 


' certiua other 
escape of the 
measured. 


of Paris (B). If this tube be filled mth bvdrogen,* and 

its cmea end immersed in coloured water, toe water wiU 

bo obsenred to rise rapidlj in the tube, on account of the 

rapid esc^ of the hydrogen through the pores of the Uj 

puwter. I^e external air, of course, passes into the tube j , 

through the pores at the same time, but much less rapidly M 

than the hydrogen misses out, so that the ascent of the U 

column of water (0) marks the difiercnce between the n 

volume of hydrogen which passes out, and that of air 

which passes into the tube in a given time, and allows a /jf 

measurement to be made of the rate of diffMxUm; that is, 

of the velocity with which the gas issues on account of 

the repulsion among its particles, as compared with the 

velocity with which the air enters, this velocity being 

always taken as unity.t To determine the rate of diifu- 

sion, it is of course necessary to maintain the water at the 

same level within and without the diffusion tube, so as to Fig. 12. 

exclude the inHuence of pressuio. 

To prove that the ascent of the hydrogen due to its lightness is not instrumental 
in drawing up the water in the difi'nsion tube, the experiment may be made as in 
fig. 18, where the plate of plaster (o) is turned downwards, so that the diffusion is 
made to take place in opposition to the action of 
gravity. This tube is filled by passing hydrogen in 
tiirough the tube (.v), and allowing the air to escaiie tl 
through (<), which is afterwards closed by a cork. Jl 

The ^stcr of Paris (o) is tied over with caoutchouc _ 

whilst the tube is filled, (‘‘|* K " | fc fll u^i^a 

Since the rolation between the weights of equal ^ ll 
volumes of hydrogen and air is that of O'0C 9 : ® L ll 

1, the rates of diffusion will be as 1 ; V0-G69— j 

tliat is, hydrogen will diffuse about 3'8 times as I Iw 

rapidly as atmospheric air, or 3 '8 measures of hydro- I H 

gen will pass out of the diffusion tube whilst one I II 

measureofairis passing in through the plaster. Ina 
similar manner hydrogen would escape through 
niinute openings with nearly four times the velocity 

of oxygen: and laboratory experience shows that a ... ...v 

cracktid jai, or a bottle wit! a Ldly fitting stopper, * -!>*«>«>*>“ tube, 

may often 1 m used to retain oxygen, but not hydrogen. 

A very striking illustration of the high rate of diffusion of hydrogen is arranged 
^ as represented in fig. 14. A is a cylinder of porous earthenware (sucli as are 
employed in galvanic batteries) closed at one end, and furnished at the othm* 
with a perforated bung, tiirough which passes a glass tube B, about three feet long, 
endhalr an inch in diameter. The bung is made air-tight by coating it with sealing 


Fig. ’3. —Diffusion tube. 


with a perforated bung, tiirough which passes a glass tube B, about three feet long, 
endhalr an inch in diameter. The bung is made air-tight by coating it with sealing 
wax dissolved in spirit of wine. ITiis tube being supported so that its lower end 
dips about an inch mIow the surface of water, a jar of hydrogen m hdd^ over the 
porous cylinder, when the self-repulsion of the particles of the gas is manifested by 
Ibeir being forced (not only out of the mouth of the jar C, which is open at the 
bottom, but also) through the pores of the earthenware jar, the air from wUch is 
violently driven ont, os if by blowing, tiirough the tube, and is seen babbling up 
rapidly through the water. When the air has ceased to bubble out, and a laroe 
vmume of h^rogen has entered the porous jar, the bell*jar C is removed, when the 
hydrogen escapes so rapidly through the pores, that a column of _ twenty or_thirty 
ji.Jn<dieB of water is drawn rapidly up the tube B. If the neatest heigbt to whicdi the 
^ water tscends be marked, and wnen it has returned to its lormer level, a jar o{ coal> 

* This tube must be filled by displacement (see fig. 18), in order not to wet the {daster. 
A piece of sheet caoutebone may be tied over the plaster of Paris, so that diffosion may 
not oommeuoe until it is removed. 

t Air being a mixtun of nitrogen and oxygen, its late of difforion is intermecuate 
between the rates of those gases; however, since the proportioiu the gases are vmy 
mesrly constant, no error of any magnitude arises. 


iydrogen has entered the porous jar, the bell-jar C is removed, when 
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gaa be held over the porous cylinder, it will bo found that the above phenomena 
ere manifested in a much lower degree, showing that coal-gas, being heavier than 

hydrogen, does not pass nearly so rapidly through 
the pores of the eartlienware as hydrogen does. 

The great difference in the rates of diffnsion of 
hydrogen and oxygen may be easily shown by the 
arrangement represented in fig. 15. A, is a jar 

^H_ _t_•s.Y. - _ _ _ _i* A_ ^ ^_ -__ 


filled with a mixture of two volumes of oxygen 
with one volume of hydrogen, communicating 
through the stop-cock and ffexible tube with the 
glass tube B, which is fitted through a perforated 
cork in the bowl of the common tobacco pipe C, 
tlie sealing-waxed end of which dips under water 
in the trough D. By opening the stop-cock and 
pressing the jar down in the water, the mixed 
gases may be forced rapidly through the pipe, and 
if a small cylinder (E) be filled with mem, the 
1111 x 1111*6 will be found to detonate violently 
on the approach of a flame. But if the gas Ik* 
made to ])ass verj* slowly through the pipe (at 
the rate of about a cubic inch per minute), the 
hydrogen will difiuse through the pores of the 
pipe so much faster than the oxj'gen, that the gas 
collected in the cylinder will contain so little 
hydrogen ns to be no longer explosive, and to 
exhibit thp jiroperty of oxygen to rekindle a 
]mrtly extinguished match. 

If two jars of the same size, one mode of glass, 
and the other of porous oartlieinvare, be filled with 
the cx])lo.sive mixture by holding them over the 
stop-coek of the jar A, and be then closed with 
glass plates and set aside for a few seconds, it w'ill 
be found that the gas in the earthen jar will re¬ 
kindle a spark on a match, whilst that in the 
glass jar will exitlode, 

14. Chemical propei’tm of hifdrofjfoi .— 
Tlie most conspicuous clumiical property of 
hyilrogen is its disposition to hum in air 
w hen raised to a moderately high tempera¬ 
ture, entering into combination with the 
oxygen of the air to form water. The, 
formation of water during the combustion of 
hydrogen gave rise to ite name (nSoyj, water). 




Fig. 14. 


On introducing a taiier into an inverted jar of hydrogen (lig. 16), the flame of the 
taper will.be extinguished, but the hydrogen will burn with a jiale flame at the mouth 
of the jar, and the taper may be rekiudlca at its flame by slowly withdrawing it. 

The lightness and combustibility of hydrogen may be illustrated sinialtaueously 
by some interesting experiments. If two equd gas cylinders bo filled with hydrogen, 
and held with their mouths resjiectively upwards and downwards, it will be found, 
on testing each with a taper after the same interval, that the hydrogen has entirely 
escaped from the cylinder held with its mouth upwai^s, whilst the other still remains 
nearly filled with the gas. 

The hydrogen may be scooped out of the jar A (fig. 17) with the small cylinder B 
attached to a handle. On removing 6, and applying a taper to it, the gas wiU take fire. 

A cylinder may be filled with hydrogen by displacement of air (fig. 18), if the tube 
from the hydrogen bottle be passed up into it. 

If such H dry cylinder of hydrogen be kindled v^iilst held with its month down¬ 
wards, the formation of water during the combustion of the hydrogen will be indi¬ 
cated by the deposition of dew upon tlm sides of the cylinder. 

By softening a piece of glass tube in the flame of a spirit-lamp, drawing it out 
and filing it across in the narrowest part (fig. 19), a jet can be made from which 
the hydrogen may be burnt This jet may be fitted by a perforated cork to any 
oammon bottle for cUntaiiiing the zinc and sulphnric acid (fig. 20). - , 
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Tlie hydrogcfl mast be allowed to escape for some minates before applying a Ujs!bt, 
because it forms au explosive mixture with the air containml iu the bottle. This 



Fig. 15.—Separation of hydrogen and oxygen by atniolysis.* 


may be proved, without risk, by placing a little granulated zinc iu a soda-water 
bottle, pouring upon it some diluted sulphuric acid, and quickly inserting a perforated 



Fig. Id. Fig. 17. Pig. 18. 


cork, carrying a piece of glass tube about three inches long, and one-eighth of an inch 
wide. If this tube be iinmediutely applied to a flame, the mixture of air and hydro¬ 
gen will explode, and the cork and 
tube will be projected to a consi¬ 
derable distance. 

By inverting a small test-tube 
over the jet in fig. 20, a specimen 
of the hydrogen may be collected, 

and may be kindled, to see if it Fig. 19. 

bums quietly, before lighting the jet. 



* This term has been applied to the separation of gases by diffusion; drjadc, mnmir-. 
to loosen. 
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EXPLOSION OP HYBItOGKN AND AIR. 


‘ , A dry glass, held over the flame, will collect a considemble (i»vfcntity of water, 
fonaed by the comlmstioa of the hydrogen. 

/ The eomboBtion of hydrogen prdduces a greater heating effect than that 
/ of an equal weight of any other combustible body. It has been deter¬ 
mined that 1 gr. of hydrogen, in the act of combining with 8 gra. of 
oxygen, produces enough heat to raise 62,031 grs. of water from 32® F. 
to 33® F. (or 34,462 grs. from 0® C. to 1® C.) The temperature of the 
hydrogen flame is higher than that of any other single flame with which 
we are acquainted. Notwithstanding its high temperature, the flame of 
hydrogen is almost devoid of ilhiminating power, on account of the 
absence of soIijLp articIe s. 


15. If a taper be held several inches above a cylinder of hydrogen, 
standing with its mouth upwards, the gas will be kindled with a loud 
explosion, because an explosive mixture of hydrogen and air is formed in 
and around the mouth of the cylinder. 



If a stoppered gas jar (fig. 21) be filled with hydrogen, and supfforted upon three 
blocks, it will be found, if the liydrogen he kindled at the neck of tiie jar, that it will 
bum quietly until air has entered from below in sufficient proportion to fonu an 
explosive mixture, which will then explode with a loud report. 

The same experiment may be tried on a smaller scale, with the two-necked copjier 
vessel (fig. 22), the lower aperture being opened some few 
seconds after the hydrogen has been kindled at the upper 
one. 

The explosion of the mixture of hydrogen and 
air is due to the sudden expansion caused by the 
heat generated in the combination of the hydrogen 
with the oxygen throughout the mixture. After 
the explosion of the mixture of hydrogen and air 
(oxygen and nitrogen), the substances present are 
steam (resulting from the combination of the hydro¬ 
gen and oxygen) and nitrogen, which are expanded 
the heat developed in the combination to a 
volume far greater than the vessel can con^in, so that a portion of the ^ 
gas and vapour issues very suddenly into the air around, the collision * 
with which produces the report. . 

If pure o^gen be substituted for air, the explosion will be more violent,! 
because the mixture is not diluted with the inactive nitrogmi. The; 
further stj^dy of this subject must be preceded by that of oxygen. r 
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OXYGEN. 

0=:16 parts by weigbtssl vol. 16 grs. =5 46*7 cub. in. at 60*' F. and 80" Bar. 
16 grammas s=: 11*2 litres at 0 " C. and 760 mm. Bar. 

16. Oxygen is the most abundant of the elementary substances. It con¬ 
stitutes about one-fifth (by volume) of atmospheric air, where it is merely 
mixed, not combined, with the nitrogen, which composes the bulk of the 
remainder. Water contains eight-ninths (by weight) of oxygen; whilst 
silica and alumina, which compose the greater part of the solid earth (as 
far as we know it), contain about half their weight of oxygen. 

Before inquiring which of these sources will most conveniently famish 
pure oxygen, it will bo desirable for the student to acquire some know¬ 
ledge of the properties of this element, and of the chemical relations 
which it bears to other elementary bodies, for without such knowledge it 
will be found very difficult to understand the processes by which oxygen 
is procured. 

17. Physical pro])ertiee of Oxygen. —Eiom the fact of its occurringin an 
uncombined state in the atmosphere, it will be inferred that oxygen is 
perfectly invisible, and without odour. It is a permanent gas, having 
resisted all attempts to reduce it^o a liquid or solid state. Oxygen is a 
little more than one-tenth heavier than air, which is expressed in the 
statement that its specific gravity is 1*1057. 

In the study of theoretical chemistry, it is expedient to select hydro¬ 
gen instead of air as the standard with which the s|>ecific gravities of 
gases are compared; for since the atomic weights are also referred to 
hydrogen os the unit, and the atomic weights represent the weights of 
equal volumes, the members expressing the atomic weights of the ele¬ 
mentary gases are klmiicnl with their specific gravities {H = I). Thus, 
the specific gravity of oxygen (H = I) is 16. It will be found con¬ 
venient to remember that the specific gravity of a gas or vapour is the 
weight of one volume. 

18. Chemical properties of Oxygen. —This element is remarkable for the 
wide range of its chemical attraction for other elementary bodies, with all 
of which, excejit one, it is capable of entering into combination. Fluorine , 
is the only element which is not knoicn to unite with oxygen. 

With nearly all the elements oxygen combines in a direct manner j 
that is, without the intervention of any third substance. 

There are only seven elements (among those of practical importance) 
which do not unite in a direct manner with oxygen, viz., chlorine, bromine, 
iodine, fluorine, gold, silver, platinum. 

(Definition, —The compounds of oxygen with other elements are called 
Oxides.) 

The act of combination with oxygen, or oxidation, like all other acts of 
chemical combination, is attended with the development of heat.* When 
the heat thus produced is sufficient to render the particles of matter 
luminous, the act of combination is styled combustion. 

♦ Though this heat is not alvvaf^a perceptible by the thermometer or by the aensee. 
Thus, 'When chalk is dissolved in an acid, no beat is ^rccived, because all the heat attend¬ 
ing the union of the lime with the acid is consiuned in converting the carbonic acid hom 
the solid chalk into a gas. To explain the manifestation of heat in the act of ^enti- 
cal combination falls within the province of the physicist rather than of the cheralet. 

. Modern writers attribute it to the motion of the mmecules which compose the combinuig 
^ masses. 
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COMBUSTION. 


(DfiFiNmoN. —Combmtion is chemical oonibiuatioii attended with heat 
and light.) 

.. 19. Phosp/iorm, the mly non-metal ichich eomhines with oxygen ai the 

^ ordinary temperature, affords a good illustration of these propositions. 
This element, a solid at the ordinary temperature, is preserved in bottles 
filled with water, on account of the readiness with which the oxygen of 
the air combines with it. If a small piece of phosphorus be dried by 
gentle pressure between blotting paper, and exposed to the air, its par¬ 
ticles begin to combine at once with oxygen, and the heat thus developed 
slightly raises the temperature of the mass, 

JSTow, heat generally encouragcti chemicaJ, union, so that the effect of 
this rise of temperature is to induce a more extensive combination of the 
pliosphorus with the oxygen, causing a greater development of heat in a 
given time, until the temperature is sufficient to render the particles 
brilliantly luminous, and a true case of combustion results—the combina¬ 
tion of the phosphorus with oxygen, attended with production of heat 
and light. 

(Definition, — Combust ion in air is the chemical combination of the 

elements of the combustible with the 
oxygen of the air, attended with de¬ 
velopment of licat and light.) 

If a dry glass (fig. 23) be placed over 
the burning ]diosphoru.s, the thick 
wliite smoke which proceeds from it 
may be collected in the form of snowy 
flakes, Tlieso flakes are commonly 
tcrme<l anhydrous phosphm'ie acid* 
and are composed of 80 parts by 
weight of oxj'gon, and 62 parts of 
phosphorus (P/)-,). 

If the wdiite flakes are exposed to the air for a short time, they attract 
moisture and become little drops, which have a very sour or anid taste. 
It was mentioned at page 10 that all substances which have such a taste 
have been found also to be capable of changing the blue colour of litmus"^ 
to red, whence the chemist is in tlie habit of employing paper dyed with 
blue litmus for the recognition of an acid. It must be remembered, how¬ 
ever, that there are some acids which, not being dissolved by water, have 
neither a sour taste nor the power of reddening litmus, so that, in exact 
research, another mode of defining the acid character of a substance is 
employed. Ordinary sand is kiiown to chemists as silicir, orAd, but, of 
course, does not answer to either of the above tests, 

ffor the exact definition of an acid see page 25, 

During the slow combination of phosphorus with the oxygon of the air, 
before actual combustion commences, o^y 48 parts of oxygen unite with 
62 parts of phosphorus, forming the substance called anhydrous phos¬ 
phorous acid (PjO;,). 

(Definition. — The endings -ous and -ie distinguish between two com¬ 
pounds formed by oxygen with the same element; -om implying the 
smaller proportion of oxygen.) 

* Anhydrous, or without water, from as, nemtive, end vSa>p, water, 
it A colonriag matter, prapml from a lichen, Roccdla tinotoriu; the cause of the 
(mange of coloiir will be mote (^aefly understood hereafter. ' 
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Unless the temperature of the air be rather high, the fragment of phos¬ 
phorus viU not t^e fire spontaneously, but its combustion may always 
be ensured by exposing a larger surface to the action of the air. As a 
general rule, a fine etate of dioieion favours eJhemical combination, because 
the attractive force inducing combination operates only between sub¬ 
stances in actual contact; and the smaller the size of the particles, the 
more completely will this condition be fulfilled. 

Tims, if a small fragment of dry pbosphorus be placed in a test-tube, and jlis- f. 
solved in a little bisulphide ofearbm, the solution, when poured 0 |xin blottiug pa]i«r 
(lig. 24), will part with the solvent by 
evaporation, leaving the phosphorus in a 
very finely divided state upon the surface 
of the paiwr, where it is so rapidly acted 
on by the oxygen of the air that it bursts 
spontaneously into a blaze. 

Though the light emitted by phos- 
jihorus burning in air is very bril¬ 
liant, it is greatly increased when 

pure oxygen is employed; for since the nitrogen with which the oxygen 
in air is mixed takes no part in the act of combustion, it impedes and 
moderates the action of ilm oxygen. Each volume of the latter gas is 
mixed, in air, with four volumes of nitrogen, .so that we may suppose five 
times as many particles of oxygen to come int(j contact, in a given time, 
with the particles of the phosphorus immer.'ied in the pure gas, which 
will account for the great augmentation of the temperature and light of 
the burning ma.ss. 



To demonstrate the brilliaut combustion of pbosphonis in oxygen, a piece not 
larger than a good-sized pea is ]ilaced in a little copjwr or iron euj) upon au imn 
■stand (fig. 25), and kindled by being touched 
with a hot wire (for even in pure oxygen spon¬ 
taneous combustion cannot be ensured). The 
globe, having been previously filled with oxy¬ 
gen, and kejtl in a plate (‘ontuining a little 
water, is ydaced over the burning pliosi>borus.* 

It will be observ'cd that the same white 
clouds of phosphoric acul are formed, 
whether phosphorus is burnt in oxygen 
or in air, exemplifying the fact that a 



mbstfxnce will combine with the same pro- Fig. 25.—Phosi.liorus burning in 
portion of oxygen, whether its combustion oxjgen. 

be effected in pure oxygen or in atmospheric air. The apparent increase 
of heat is due to the combustion of a grtiater weight of phosphorus in a 
given time and sjiaee. The total heating eftect produced by the combus 
tion of a given weight of phosphorus is the same whether air or pure 
oxygen bo employed. 

20. Sulplmr {Imnutone) affords an example of a non-metallic element 
which will not enter into combination Avith oxygen until its temperature^ 
has been raised very considerably. When sulphur is heated in air, it' 
sotm melts; and as soon as its tempemture reaches 500° F. it takes fire,; 
burning with a pale blue flame. If the burning sulphur be plunged into i 
* a jar of oxygen, the blue light will become very brilliant, but the same ' 


• This globe should be of thin, well-anuealed glassy WSd is sure to be brokea it too 
large a piece of phosphorus W emploj cd. 
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act of comUiiatioa takes place—32 parts by weight of oxygen unidng 
with 32 ji^rts of sulphur to form etUphurom add gas (SO,), which may 
be recognised in the jar by the well-known suffocating smell of brimstone 
matches. 

The experiment is most conveniently performed by heating the sulphur 
in a deflagrating ^mn (A, fig. 26), which is then plunged into the jar of 

oxygen, its coUar (£) resting upon the 
neck of the jar, which stands in a plate 
containing a little water. The water ab¬ 
sorbs a part of the sulphurous acid gas, 
and will be found capable of strongly red¬ 
dening litmus paper. It is possible to 
produce, though not by simple combus¬ 
tion, a compound of sulphur with half as 
much more oxygen (SO,, anhydrous sul¬ 
phuric acid), showing that a substance does 
not edways take up its full sltare of orygen 
when burnt. 

The luminosity, of the,flame of sulphur 
is far inferior to that of phosphorus, be¬ 
cause, in the former case, there are no 
minute solid particles in the flame corresponding to those of the phos¬ 
phoric acid produced in the combustion of phosphorus, and wo flame 
can emit a bHlliant light unless it contains solid matter heated to incan¬ 
descence. 

21, Carbon, also a non-metallic element, requires the application of a 
higher temperature than sulphur to induce it to enter into direct union 
with oxygen; indeed, perfectly pure carbon appears to rexjuire a heat 
appro^hing whiteness to produce this effect. Ilut charcoal (the carbon 
in which is aMociated with not inconsiderable proportions of hydrogen 
and oxygen) begins to bum in air at a much lower temperature; and if a 
piece of wood charcoal, with a single spot heated to redness, be lowered 
into a jar of oxygen, the adjacent particles will soon be raised to the 
combimng temperature, and the whole mass will glow intensely, 32 parts 
by weight of oxygen uniting with 12 parts of carbon to form carbonic 
acid (CO,) gas, which will redden a piece of moistened blue litmus paper 
suspended m the jar, though much more feebly than either sulphurous or 
phosphoric acid, because it is a much weaker acid. It should be remem¬ 
bered that carbon is an essential constituent of all ordinary fuel, and car¬ 
bonic acid is always "produced by its combustion. 

It will be noticed that the combustion of the charcoal is scarcely at¬ 
tended with flame; and when pure carbon (diamond, for example) is 
employed, no flame whatever is px-oduced in its combustion, b^use car¬ 
bon is not convertible into vapour, and all flame is vapour or gas in the 
act of coinhudiion; hence, only tlwse substances Imm with flame which are 
capable of yielding combustiUe gases or vapours. 

22. The three examples of sulphur, phosphorus, and carbon suffi¬ 
ciently illttstrate the tendency of nou-mettds to form acids by union with 
oxygen, which originally led to the adoption of its name, derived from 
ocw acid, and yewato, I produce. AU the non-metallic elements, except' 

.. jdrogen and. fluorine, are capable of forming adds by their union with 
lifl^en. 



Fig. 26.—Sulphur burning in 
oxygen. 
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The circoiustance that only those acids which can be dissolved by 
water have any action upon litmus, and that some of these We a veiy 
feeble effect, renders it necessary to fix some other criterion by which an 
acid may be invariably recognised. Such a criterion is found in the 
original idea of^ an acid, as a substance neutralising an alkali. In the 
case of some aciobs, such as sulphuric, it is easy to exhibit the neutralising 
power ; but with others, such as carbonic and silicic, it is not so easy to 
ascertain that neutralisation has taken place, because the alkali is on^ 
partly neutralised. In practice, therefore, the following definition will 
be found more convenient;— 

Dejinition of an Acid,—A coinpound body which evolves water by Us 
action npm pure caustic potash or soda. 

For example— 

2KHO + CO, K,O.CO, + H,0 

CaugUc potash. Carbonic acid. Carbonate of potash. Water. 

mHO + HCl = NaCl + H,0. 

Caustic soda. Hydrochloric acUL Common salt. Water. 

^ z 4- 

23. The metals, as a class, exhibit a greater disposition to unite directly 
with oxygen, though tew of them will do so in their ordinary condition, 
and at the ordinary temperatui'e. Several metals, such as iron and lead, 
are superficially oxidised when exposed to air under ordinaiy conditions, 
but this w'ould not be the case unless the air contained water and car¬ 
bonic acid, which favour the oxidation in a very decided manner. Among 
the metals which are of importance in practice, five only are oxidised by 
exposure to dry air at the ordinary temperature, viz., potassium, sodium, 
barium, strontium, and calcium, the attraction of these metals for os^gen 
being so powerful that they must be kept under petroleum, or some 
similar liquid free from oxygen. On the other hand, three of the com¬ 
mon metals, silver, gold, and platinum, have so little attraction for 
oxygen that they cannot bo induced to unite with it directly, even at 
high temperatures. 

If a lump of sodium be cut across with a knife, the fresh surfaces will 
exhibit a splendid lustre, but will very speedily tarnish by combining 
with oxygen from the air, which |gves rise to a coating of oxide of sodium 
or soda, and this to some extent protects the metal beneath from oxida¬ 
tion. The freshly cut sodium shines, in the dark, like phosphorus. Even 
when the attraction of the sodium for oxygen is inci-eased by the appli¬ 
cation of heat, it is long before the mass of sodium is oxidised through¬ 
out, unless the terapemture be sufficiently liigh to convert a portion of the 
sodium into vapour, which bursts through the crust of soda, and bums 
with a yellow flame. If the spoon containing the sodium (see fig. 26) be 
now plunged into a jar of oxygon, the yellow flame will be fiur more bril¬ 
liant. 

Sixteen parts by weight of oxygen here combine with 46 parts of sodium 
to form soda (NajQ), which remains in the spoon in a fused state. When 
the spoon is cool, it may be placed in water, which will dissolve the soda, 
converting it into caustic soda. • 

. Na,0 -I- H.,0 = 2mHO. 

Soda. Water Caucf’ICMda. 

,24. Zinc will serve as an example of a metal which has no disposition # 
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to entoi^ into combination.with oxygen at the ordinary temperature,* but 
which is induced to unite with it by a very moderate heat. If a little 
sine {^U&r) be melted in a ladle or crucible, and stirred about with an 
iron rod, it bums with a beautiful greenish flame produced by the union 

of the vapour of zinc with the oxygen of 
the air. But the combustion is far more 
brilliant if a piece of zinc-foil be made 
into a tassel (tig. 27), gently, warmed at 
the end, dipped into a little flowers of 
sulphur, kindled, and let down into ajar 
of oxygon, when the flame of the burning 
sulphur will i^ite the zinc, which bums 
with gi‘eat bnlliancy. On withdrawing 
what remains of the tassel after the com¬ 
bustion is over, it will bo found to con¬ 
sist of a friable + mass, which has a fine 
yellow colour while hot, and becomes white as it cools. This is the tyriih 
of zinc (ZnO), formed by the union of IG parts by weight of oxygen with 
65 parts of zinc. ’ ’ * 

The oxide of zinc does not possess tlie properties of an acid or an alkali, 
but belongs to another class of compounds termed which are not 

soluble in water as the alkalies are, but, like them, aie capable of neutral¬ 
ising, cither partly or entirely, the acids. Thus, if the oxide of ziuc were 
added to diluted sulphuric acid as long as the acid would dis.solv(‘. it, tlie 
well-knoivn corrosive properties of the aci<l would be destroyed, although 
it would still retain the power of reddening blue litmus, and the solution 
would now contain a new substance, or salt, called mljihnto. of zinc 

(ZnO.se>,). 

(Definition.— A hose is a compound body which is capable of neutml- 
ising an acid, either partly or entirely.) 

It will be obser\’'ed that an alkali is only a particular species of base, 
and might be defined as a base which is very soluble in water. 

(Definition. —A salt is a compound body containing an acid in com¬ 
bination with a base, or a metal in combination witli a miU-rudituiLX 
EmvipUs. —Carbonate of soda (Na.p.COj), composed of carbonic acid 
(COj) and soda (^fa^O)Chloride of sodium (NaCl), composed of the metal 
sodium and the salt-r^ical chlorine.) 

. (Definition. —A salt-radical or halogen is a substance which forms an 

acid when combined with hydrogen. Examples. —Chlorine, which forms 
hydrochloric acid (HCl); Cyanogen (Cil), which forms hydrocyanic acid 
(HCK).) 

25. Inm, in its ordinary form, like zinc, is not oxidised by dry air or 
oxygen at the ordinary temperature; but if it be heated even to only 
500” F. a film of oxide of iron forms ujicn its surface, and as the heat is 
increased the thickness of the film increases, until eventually it becomes so 
thick that it can be detached by hammering the surface, as may be seen 
in a smith’s forge. If an iron rod as thick as the little finger be heated 
to whiteness at the extremity, and held before the nozzle of a powerful 
befiows, it will bum brilliantly, throwing bfi" sparks and dropping melted 

* Unless water and carlmnic acid be present, os in common air. ' 

t Friable, easily crumbled or disintegrated. 

^ Salts of this description are termeclAafou^ s<di$, becanse they belong tu the same chtss 
_JM5 sea-salt (NaCl), ftom «Av, the sea. 

• t 



Fig. 27.—^Zino burning in oxygen. 
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oxide of iron. If a stream of oxygen be substituted for air, the 
“combustion is of the most brilliant description. A -watch-spring (iron 
combined with about 1 per cent, of carbon) 
may be easily mode to bum in oxygen by 
heating it in a flame till its elasticity is 
destroyed, and coiling it into a spiral (A, 
flg. 28), one end of which is fixed, by 
moans of a cork, in the deflagmting collar B; 
if the other end be filed thin and clean, 
dipped into a little sulphur, kindled, and 
immersed in a jar of oxygen (C) standing 
in a plate of water, the burning sulphur 
will raise the iron to the pomt of com¬ 
bustion, and the spring will be converted 
into molten drops of oxide, 

The black oxide of iron formed in all these cases is really a com¬ 
bination of two distinct oxides of iron, one of which contains 16 parts by 
weight of oxygen and 56 parts of iron, and would be written FeO, whilst 
the other contains 48 parts of oxygen and 112 parts of iron, expressed by 
the formula Fe^Oj. To distinguish them, the former is usually called 
protou'iih of iron (irpmTtK, first), and the latter (in allusion to 

the ratio of one and a half to one between the oxygen and the metal).* • 
Tlie sest|uioxi de pf iron curabinod with - w'ater constitutes o rdinary imt. 

The black oxide usually contains one combining weight of each oxfde, 
so that it would be written FeO.FCj,0„ or FcjO^. It is powerfully 
attracted by the magnet, ami is often called magnetic oxide of imn. The 
abundant magnetic ore of iron, of which the lo<nhfoui‘ is a variety, has a 
similar c<nnposition. 

Iron in a very fine state of division w'iU take fire spontaneously in air 
as c.ertiiinly as idiosphorus. Pijrophorlc iron can be obtained (by a process 
to be described hereafter) as a black powder, Avhich must be preserved in 
sealed tubes. When the tube is opened, and its contents thro-w'n into the 
air, oxidatutu takes jdace, and is attended with a vivid glow. In this 
case the led sestpiioxide of iron is produced instead of the black oxide. 

Both these oxides of iron are oai)able of neutraliblng, or partially neu¬ 
tralising, acids, and are therefore iksic oxides or bases, like the oxides of 
zinc ami sodium obtained in previous experiments. So general is the 
disposition of metnls to form oxides of this class, that it may be regarded 
as one of tlie distinguishing features of a metal, fijr no non-metal ever 
forms a base with oxygen. 

(I)jsKiNiTiON. —A mdal is an element capable of forming a bas«+ by 
combining w'ith oxygen, or salt by combining with a salt-radical.) 

Many metals are capable also of forming acids with oxygen; thus, til! 
forms stannic acid (SnO.,), antimony forms autimouic acid (Sb.p,,), and 
it is always found that tlie acid oxide of a metal contains a larger pro¬ 
portion of oxygen than any of tlie other oxides which the metal may 
happen to form. 

26. There is a third class of* oxides, termed the indifferent oxides, be¬ 
cause they are neither acids nor bases; such oxides may be formed either 

^ The terms ferrons and ferric oxide are now very often substitnted for pnitoxide and 
sestfuioxido of iron. 

t The metal tungsten apitears at present to be an exception td this rale, no well- 
(^tined basic oxide of this metal Iwing known. 



Fig. 28.—Watch-spring burning 
in oxygen. 
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by non.-xaetalii or metala; thus water (Hp^, the oxide of hydrogen, is an 
indifferent oxide, and the black oxide or binoxide of manganese (MnO,) 
is an example of an indifferent metallic oxide. 

27. Preparation of Oxygm ,—Eor almost all the useful arts in which 
uneombined oxygen is required, the diluted gas contained in atmo^hexic 
air is sufficient, since the nitrogen mixed with it does not interfere with 
its action. 

p From alanosphcric air pure oxygen was first obttuned by Lavoisier towards 
the end of the last century. !ffis process is far too tedious to be employed 
as a general method of preparing oxygen, but it affords a veiy good example 
of the relation of heat to chemical attraction. S^ome mercury wag poured 
into a glass flask with a long narrow neck, which was placed in a sa^d- 
bath, so that its temperature might be constantly maintained at alxmt 
660“ F. for several weeks. The mercury boiled, and a portion of it was 
' converted into vapour, which condensed in the nock of the flask and ran 
back again. Eventually the mercury was converted into a red powder, 
having combined with the oxygen of the air (or undergone oxidation) to 
form the red oxide of mercnxy. The nitrogen of the air does not enter 
into combination with the mercury. 

By heating this oxide of mercury to a temperature approaching a red 
heat (about lOQlT F.) it is decomposed into mercury and oxygen gaS 
i (HgO = Ilg + 0). 

It is very generally found, as in this instance, that heat of moderate 
intensity will favour the operation of chemical attraction, whilst a more 
intense heat will annul it. 

For the purpose of experimental deinonstratiou, the decomposition of the oxide 
of mercury nray be conveniently effected in the apparatus represented by fig. 29, 
where the oxide is placed in the German glass tube A, and heated by the Bunsen's 



Fig. 29.—Preparation of oxygen from oxide of mercury. 

gas-burner B, the metallic mercury being condensed in the bend C, and the oxygen 
gas collected in the gas cylinder D, filled with water, and standing upon the bee¬ 
hive shelf of the p^ieurmtie trough E. It may be identified by its property of kindline 
into Rame the si)ark left at the end of a wooden match. If the heat be continueu 
for a sufficient len^h of time, the whole of the oxide of mercuiy will disappear, 
being resolved into its elements. In technical language, the mercury is said to be 
rtduced. 

Upon the first application of heat, the red oxide suffers a physical change, in 
consequence of which it becornes . black; but ite red colour retmns again it it be 
allowed to cool. 

A much cheaper process for obtaiiuug unmixed oxygen from the air is 
^ now employed upon the large scale. It depends upon the principle that 
•‘the oxides of manganese, when heated in contact with alkalies and aiy, 
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are capable of absorbing tbe oxygen from the air, and of subsequently 
giving it up again if heated in a current of steam. 


To illustrate this process, about four ounces of dry manganate of soda (which may 
be purchased cheaply in a crude state) are introduce into a porcelun tube (t, fig. 30) 
fixed in a furnace. One end of the tube is connected with a two branched glaie tube, so 
that either a current of air may be passed through it by tbe tul)e a, or a current of 
steam from the flask w. On heating tlie manganate of soda in the tube to dull red¬ 
ness, and passing the steam over i^ oxygen is evolved, and may be collected in the 
jar 0 . * 

2NasMnO, + 2HjO = 4NaHO + Mn,0, + 0,. 

Httnaanate of Caustic soda. Sewinioxide ol 

soda. • caustic soaa. „,*„gaae8c. 


If the current of steam be discontinued, and air be slowly passed through tbe 
tube a, the oxygen of the air will be absorbed, and its nitrogen may be collected In 
the jar n. 

4NaH0 + MujO, + 8(0 + N^) = 2Na,Mn0* + 2Hj,0 + N„. 

Air. 


If the proper temperature be employed, tbe stream of gas issuing from the tube 
may be constancy kciit up, and may be made to consist of oxygen or nitrogen 
accordingly as steam or air is passed through the tulie. The current of air is regu¬ 
lated by the nipper-tap c. 

The gas-furnace represented in fig. 80 consists of a row of twelve Bunsen burners, 
each having a stop-cock by which the flame is regulated. The horizontal pipe b, 
from which they spring, is capable of being raist^ or lowered at pleasure. The 
(lorcelain tube t is laid in a .semi-cylindrical trough made of stout iron rods, and 
filled wii.h pieces of pnmice-stoiie or fire-brick. Above this is placed a corr^ionding 
trough, so that the tube is entirely surrounded by glowing material.* Ine heat 
must be applied gradually to avoid sjilitting tbe tube. 



Fig. .80 - Extrni'lioii of oxygen from air. 


28. The only other natural source from which it has been found con¬ 
venient to prepare pure oxygen is a black mineral composed of manganese 
and oxygen. It is found in some parts of England, hut much more 
ahundanUy in Germany and Spain, whence it is import^ for the use of 
the bleacher and glass-maker. * Its commercial name is manganese, but it 

t This burner, as well as the burner described at page 8, was constructed for me by Mr 
Bowlev, of the Boyal Military Academy, Woolwicn, whose readiness in peieelviiig the 
intention of an apparatus, and in improving upon the original idea as the work proceeds, 
renders his co-operation in arranging ex]i«rimental illustrations of the greidwst service 
ta me. 
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is known to chemists as bimride of mxmganm (MnOj), and to minera¬ 
logists by seTeial names designating different varieties. The most signi¬ 
ficant of these names is pyrolmite, referring to the facility with which it 
may be decomposed by heat (mp, fire, and Xwd, to loosen). 

One of the cheapest methods of preparing oxygen consists in heating 
small fragments of this black oxide of manganese in an iron retort, placed 
in a good fire, the gas being collected in jars filled with water, and stand¬ 
ing upon the shelf of the pneumatic trough, or in a gas-holder or gas-bag, 
if larger quantities are required. 

The attraction existing between manganese and oxygon is too powerful 
to allow the metal to part with the whole of its oxygen when heated, so 
that only one-third of the oxygen is given off in the form of gas, a brown 
oxide of manganese being left in the retort.* 

29. By far the most convenient source of oxygen, for general use in the 
laboratory, is the artificial salt called chlorate of potash, "which is largely 



manufactured for fireworks, percussion- 
cap composition, &c. If a few crystals 
of this salt he heated in a test-tube over 
a spirit-lam]).(fig. 31), it soon melts to a 
clear liquid, which i)i’eBcnt]y begins to 
boil from tbe disengagement of bubbles 
of oxygen, easily recognised by intro¬ 
ducing a matcli with a spark at tbe end 
into the n])|)er part of tbe tube. If the 
action of heat be continued until no more 
oxygen is given oil*, the residiio in the 
tube will be the salt termed chloride of 


Fig, SL 


potassium.t 


KCK), 

Cliloiatc of pdta.sh. 


KCl 4 (),. 

Chloiidu of jiotafisiiiii). 


To ascertain what quantity of oxygen would furnished by a given weight of 
chlorate of potash, the combining weights must T>e bnmght into use. Kcferring to 
the table of atomic weigitts, it is found ihat K = :59, 0 = 16, and Cl = 35”6 
hence the molecnlar wei^t of clilorato of potash i.s easily calculatwl. 

One atomic weight of pota.ssium, . 39 

,, „ chlorine, . . 35‘5 

Three atomic weights of oxygen, . . 48 


KOlO, = 122-5 

So that 122*5 grains of chlorate of potash would yield 48 grains of oxygen. 

Since 16 grs, of oxygen measme 46-7 cubic inches (j). 21), the 48 grs, will measure 
140 cubic inches. 

Hence it is found that 122'5 grains of chlorate of potash would give 140 cub. in. 
of oxygen measured at 60° F. and 30 in Bar. 

If one gallon (277'276 cub. in.) of oxygon be required, 242'6 grains of chlorate of 
potash must be used, or rather more than half an ounce. 

Since the complete decomposition of the chlorate of potash alone re¬ 
quires a more intense heat than a glass vessel will usually endure, it is 
customary in preparing oxygen for chemjeal purposes to facilitate the 

* Expressed in the form of an equation ; SMnO, s= Mn,0, -f 0,. 

, Bladi oxide of Brown oxide of 

mansanese. manganese, 

t The oxygen contained in the chlorate of potash was derived from the lime eniployed 
in its manufacture (see Preparation of Chlorate of Potash). Its original source, therefore, 
dwas limestone. 


WATEIt 


SI 

decomposition of the chlorate by mixing it mth about one-fifbh of its 
weight of powdered black oxide of manganese, when the whole of the 
oxygen is given off at a comparatively low temperature, though the oxide 
of manganese itself suffers no change, and its action has not yet received 
any explanation which is quite satisfactory. 

Fig. 82 shows a very conrenienl arrangonent for preparing and collecting oxygen 
for the purpose of demonstrating its relations to combustion. A is a Florence flask, 


B 



Fig. 32. - rrejaratiou of oxygen. 

in which the glass tube li is fixed by a perforated cork. C is a tube of Tulcauised 
india-nibl)er. The gas-jar is tilled with water, and supported upon a bee-hive shelf 
made of earthenware. If pint gas-jars be emjdoyed, 800 grains of the chlorate of 
]iotash, inixeil with 60 grains of binoxide of manganese, will furnish a suifioieut sup¬ 
ply of gas for the ordinary experiments. I'he binoxide of manganese shonid lie 
tlioronghly dried by moderately heating it in a crueible before being mixed with the 
elilorato of potash. It is also advisable to test it by ]i<*ating a little of it with the 
clilorate, since charcoal and sulphuret of antimony, wl\icli form very explosive mix¬ 
tures with chlorate of potash, have sometinie.s been sold by mistake for binoxide of 
manganc.se. The lieat ninst be moderated according to the rate at which the gas is 
evolved, and the tulw C must be taken out of the water before the lamp is remove<l, 
or the contraction of the gas in cooling will suck the water liack into the flask. The 
first jar of gas will contain the air with which the flask was filled at the commence- 
incnt of the ex|H‘rimeut. The oxygen obtained will have a s’ight smell of chlorine. • 


WATKll. 

30. SytiflieKts of Water from eUmmits .—It has been seen already 

(p. 20) that the combination of hydrogen with oxygen to form water is 
attended with great evolution of heat and consequent expansion, and 
hence the mixture of these gases is fomid to explode violently on contact 
with flame. 

The experiment may be made safely in a soda-water bottle. The bottle is filled 
with water, and inverted with its mouth beneath the surface of the water; enough 
oxygen is then jvissed up into it to fill one-tlnrd of its volume; if the remainder of 

t C water be then displaced by hydrogen, and the mouth of the bottle be presented 
the flame of a spirit-lamp, a very violent explosion will result, attended with a 
vivid blue flash in the bottle. If tlie month of the bottle be presented towards a 
screen of paper, at a distance of 20 or 30 inches, the paper will bo violimtly tom to 
pieyes, bearing witness to the concussion between the expanded steam issuing ftom 
the bottle, and the external air. 

If some of the mixture of oxygen, with twice its volume of hydrogen, be introduced 
into a capped jar (fig. 83), provided with a piece of caoutchouc tiibing and a small 
glass tulie, and pre&sed down in a trough of water, soap-bubbles may be inflated with e 
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hi 'ividoh will ascend la^dly in the air, and explode violently when touched with a 
flii^ate, which nfiost not, m course, be applied to the bubble untu it is at some distance 
away from the tube, for fear of explodug the mixture in the Jar. 

81. In order to demonstrate the production of water in the explosion, the Cavm- 
dish t%idi<meUr* (gg. 84) is employed. This is a strong glass vessel, with a stopper 


(% 
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Pig. 33. 

firmly secured by a clamp (A), and provided with two platinum wires (P), which j)a8S 
through the stopper, and approach very near to each other within flie eudiometer, so 
that the electric spark may easily be passed between them. By screwing the stop¬ 
cock B into the plate of an air-pump, the eudiometer may be exhausted. It is then 
screwed on to the jar represented in fig. 35, which contains a mixture of two measures 



Fig. 34. 



of hydrogen with one measure of oxygen, standing over water. On opening the stop¬ 
cocks between the two vessels, the eudiometer becomes filled with the mixture, and 
the quantity which has entered is indicated by the rise of tbe water in the jar. The 
glass stop-dock C having been closed, to prevent the brass cap from being forced off 
by the explosion, the eudiometer is again screwed on to its fw^ and an electric spark 
passed between the platinum wirra, either from a Leyden jar or an induction coil, 
when riie two gases will combine with a vivid flash of ligh^i* attended with a very 


• So named ftom tidtm, fine or clear, and a measure, because an instrument 

upon the same principle has bwn used to determine Ihe degree of jpurity of the atmosphere. 
The eudiometer was employed byX^vendieh about the year 1770, for the synthesis of 
Water. • 

t Sinee the steam produced at the moment of combination is here prevented from 
ex p a n d ing, the beat wmch would h%ve mcpanded it is saved, so that the temperature is 
higher and the flash of light biiih»^ when the combination is eflected in an open 

‘^.VMSSl. , 
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alight oonoaasion, since there is no collision with the external ait. For an instant 
a mist is perceived within the endiometer, which condenses into fine drops of dew, con¬ 
sisting of the water formed hr the combination of the gases, which was here induced 
by the high temperature of we electric spark, as it was in the former experiment by 
the high temperature of the flame. If me gases have been mixed in the exact pro 
portion of ^o measures of hydrogen to one measure of oxygen, the endiometer will 
now be again vacuous, and if it be screwed on to the capped jar, may be filled a second 
time with nuxture, which may be exploded in the same manner. 

The entire disappearance of the gases may be rendered obvious to the eye by 
exploding the mixture over mercuiy. For this purpose the mixed gases should be 
collecte<l from water itself, which is strongly acidified with sulphuric acid, and 
decomposed in the voUameter (A, fig. 86) by the aid of five or six cells of Grove’s 
battery. 'The voltameter contains two platinum plates (B), attached to the platinum 



;it) - Detiinating gas eolleetcd t'nni voltaiiictev. 

wires Gaud I), which are connected with the opposite poles of the battery. 'Jlie 
first few bubbles of the mixture of hydrogen and oxygen evolved haring been allowed 
to e.scape, in order to dis]dace the air, the gas may be collected in the small eudio¬ 
meter (E), which has been previously filled wnth water. This PU<iiometer is a cylinder 
of very thick glass,* closed at one end, and having two stout platinum wires cemented 
into holes drilled near the closed end, the wires approaching snllicicntly near to each 
other to allow the passage of the electric .spark. Having been filled with the mixture 
of hydrogen and oxygen from the voltameter, the eudiometer is closed with tlio finger, 
and transferred to a Iwsin containing mercury, where it is pressed firmly dt»wn ujpoa 
a stout cushion of india-rubber, and the spark passed through the mixed ^ses, 
cither from the coil or the Leyden jar. The combustion takas place with violent 
concufsion, hut without noise ; and since the eudiometer is vacuous after the gases 
have combined, the cushion will be found to be very firmly pressed ngain.st its open 
end. On loosening the cushion, the mercury will bo violently forced up into the 
endiometer, which will be completely fille<i with it, proving that when an electric 
spark is passed through the mixture of two volumes of hydrogen and one volume of 
oxygen, no residue of gas remains.t 

.32. Tlio knowledge of the volumes in tvliich hytliH»gon and oxygen 
combine, is turned to account in the analysis of gases, to ascertain the 
proportion of hydrogen or oxygon contained in them. Suppo.se, for 
example, it be retpiircd to determine the amount of oxygen in a sample 
of atmospheric air; the latter is mixed with hydrogen, in more than suffi¬ 
cient quantity to combine with the largest proportion of oxygen which 

• Tlie bore of this eudiometer should bo about half an inch in diameter, and the thick¬ 
ness of its sides about three-eighths of an inch : its length is 7 inches. 

t This fact may also he demonstrated with the siphon eudiometer, shown hi fig. 37, by 
confining about a cubic inch of the explosive mixture in the closed limb, over ^ter, and 
stopping the open limb secnrely with a cork, so n.s to leave a space filled with air between 
the cork and the water.'" The eudiometer must be very firmly fixed on a stand, or it will 
be broken by the concussion. After it has been proved, it may be held in the hand, as 
in the figure. By firing mixtures of hydrogen and oxygen, in diflerent proportions, in the 
same manner, it may be shown that any excess of either gas above the ratio of 2H ; 10 will 
remain uncombined after the explosion. Care is required in these experiments, since 
eudiometers are often burst by the explosion of the mixture.,of 2 vols. of hydrogen with 
j vol. of oxygen. 
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could be present, and when the combination has been induced by the 
electric spark, the volume of gas which has disappeared (2 vole. H -f 1 
voL 0) has only to be divided lay three to give the volume of the oxygen. 

A b«nt eudiometer (fig. 87) is generally employed for this purpose. Having been 
completely filled with water, it is inverted in the trough, ana tiie specimen of ur is 
introduced (say 0*5 cubic inch). The open limb is then closed by the thumb, and 

the eudiometer turned so as to transfer the air to the closed 
limb. A stout glass rod is thnist down the o]*en limb, so as 
to displace enough water to equalise the level in both limbs, 
in order that the volume of the air may not be diminished 
by the pressure of a higher column of water in the open limb. 
The volume of the included air having been accurately 
noted, the open limb of the tube is again filled up with 
water, inverted in the trough, and a quantity of hydr^eii 
introduced, equal to about Imlf the volume of tlie air. This 
having beeu transferred, as before, to the closed limb, the 
columns of water are again equalised, and the volume of the 
mixture of air and hyorogen ascertained. The open limb is 
now finuly closed with the thumb, ond the electric spark 
passed through the mixture, either from the Ijcydcn jar or 
the induetiuu coil. On removing the thumb, after the 
explosion, the volume of gas in the closed limb will be found to have diminished 
very considerably. Enough water is poured into the open limb to equalise the level, 
and the volume of gas is observed. If this volume be subtracted from the volume 
before explosion, the volume of gas which has disappeared will ho a.scertained, and 
one-third of this will repi’esent the oxygen, Avhich has condensed with twice it.s volume 
of hydrogen into the form of water. the numbers recoided will Ik;— 



Volume of air analysed, 

. 0*50 cub. in. 

Volume of air mixed with hydrogen, . 

After explosion, .... 

0-75 „ 

0-4.') 

Difference, ) 

(i|H audio) \ • ; • 

•30 „ 


It is evident that the volunio of hydrogen contained in a gas might he 
ascertained in a similar manner, by exploding with oxygen, and taking 
two-thirds of the gas which had disappeared in the form of water to 
represent the volume of hydrogen. 

In exact experiments, a correction would ho required for any variation of 
the temperature or barometric pi-essure during the progress of the analysis. 


33. It will have been observed, in the experiment upon the synthesis 
of water in the Cavendish eudiometer, that the volume of water obtained 
is very small in comparison with that of the gases before combination, 
nearly 2600 volumes of the mixed gases being required to form one volume 
of the liquid. But it is evident that no comparison can, with propriety, 
be made between the volume of a compound, in the L'qnid or solid state, 
and that of its components in the gaseous state, since the particles of 
the former are under the influence of the cohesive force from which those 
of the latter are free. For the purposes of such a comparison the volume 
.of the compound body must be taken under precisely the same physical 
conditions as the volume of its componentsf 
If the mixture of hydrogen and oxygen be measured and exploded at 
a temperature above the hoUing point of water, it is found that the steain 
produced occupies two-thirchi of the volume of the mixed gases, measured 
at the same temperature and atmospheric pressure. Hence, two volumes 
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of hydrogen combine mth one volume of oxygen to form ttco volumes of 
aqueous vapour, at the same temperature and pressure. 

The combination of hydrogen and oxygen in a vessel heated above 
the boiling-point of water is effected in the apparatus contrived by Dr 
Hofmann, and represented in fig. 38, where the closed limb of the eudio¬ 
meter is surrounded by a tube through which the vapour of boiling 
fousel oil, having a temperature of 270° F., is passed from a flask con¬ 
nected with the wide tube by a cork and a short wide piece of bent glt^s 
tubing, jacketed with caoutchouc 
to prevent loss of heat. The 
vapour of fousel oil passes out 
of the wide tube tlirough the 
tube t which enters the cork at 
the bottom, and conducts the 
vapour into a glass worm (w) im¬ 
mersed in a jar through which 
cold water is allowed to flow, as 
shown by tlie arrows. The closed 
limb of the eudiometer having 
been filled with mercury, a small 
quantity of the mixture of hydro¬ 
gen and oxj'gen obtained from the 
voltameter (tig. 36) is introduced 
into it through a tube passed 
down the open limb, the tli.-:- 
placed mercury being nni out 
through the tube c, which is 
closed by a nipper-tap. The 
closed limb is then lieated bv the 

A* 

vapour, and the mercury in the 
two limbs levelled from time to 
time by running a little out 
through c, until the gas in the closed limb no longer expands. Its volume 
is then observed, an inch more mercury poured into the open limb, which 
is then tightly closed by a cork, and the spark from the induction-coil is 
passed by the wires - jind + . After the explosion the cork is removed, 
and the mercury levelled in the two limbs, when the volume of the steam 
will bo found to be just two-thinls of the volume of the gixs before explo¬ 
sion. On cooling down, the steam condenses, and the mei-cury entirely fills 
the closed lunb of the eudiometer. 

That 2 volumes of steam should contain 2 volumes of hydro^n and 1 
volume of oxygen would appear, on physical grounds, impossible, since 
two bodies cannot occupy the same s[)aco at the same time; but it must 
be remembered that the two bodies in question have lost their indi* 
viduality in constKpicnce of their chemical combination, by which they 
have become one body—water. 

A distinction must be carefully drawn between the ultimate physical 
particles (molecules) and the ultimate cJ^emical particles (atoms) of any 
form of matter. The smallest; conceivable particle of steam, incapable 
of further mechanical subdivision, would yet be capable of being divided 
by chemical means into 2 atoms of hydrogen and 1 atom of oxygen. 

On comparing ^eam with hydrogen, it is found that they are expanded 
j,n the same degree by heat, and contracted in the same degree by cold^ 





Fig. 38.—Synthesis of water above 212’. 
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OT pressure, provided that the steam is always at a temperature remote 
foom its condensing point. Hence it appears that eqml volumes of steam 
and hydi'ogm contain the same number of molecules or ultimate physical 
atoms. 

(1.^ Suppose V volumes of steam to contain M molecules, 

(2.) Then V volumes of hydrogen contain M molecules j 
(3.) But M molecules of steam contain 2 M atoms of hydrogen ; 

• (4.) Therefore (by 1), V volumes of steam contain 2 M atoms ol‘ 
hydrogen. 

(6.) But V volumes of steam contain V volumes of hydrogen; 

(d.) Therefoi-o, V volumes of hydrogen contain 2 M atoms of hydrogen, 
(7.) And (by 2) V volumes of hydrogen contain M molecules; 

(8.) Therefore, 2 M atoms of hydrogen = molecules, 
or 2 atoms of hydrogen = 1 molecule. 

By precisely similar reasoning it may be shown tluit the molecule, or 
smaUeat conceivable physical particle of oxygen, must be composed of 2 
atoms of oxygen. Hence, the important conclusion is arriveil at that the 
molecule or ultimate physical purticile of matter^ whether elementary or 
compound, occupies, in the state of gas or vapour, twice the volume occupied 
hy an atom of hydrogen. Thus, 


• 

Atom of hydrogen 

H 

Volume. 

1 

WolRllt. 

1 

Atom of oxygen 

(» 

1 

16 

Molecule of hydrogen 

11. 

2 

2 

Molecule of oxygon 


•> 

mS 

:i2 

Molecule of steam 

lU) 

o 

18 


Since the molecule of a compound body in the stale of gas or vapour 
occupies 2 volumes, and the speciJic gravity is the weight of 1 volume, 
half the molecular weight of a annpound gas or vapour irill give its sperijic 
gravity referred to hydrogen as the standard. 

Thus, the molecular weight of steam being 18, its spocilic gravity 
(H = 1) would be 9. 

If the specific gravity in relation to air be required, it may be obtained 
by multiplying the specific gravity rcfcired to hydrogen hy 6 0692, which 
represents the specific gravity of hydrogen referred to air as the unit. 

The above considerations help to explain the indisposition of liydrogcn 
and oxygen to combine at the ordinary temperature, for the molecule 
of hydrogen (H^) combines with the atom of oxygen, so that the two 
atoms of this element which are contained ir, the molecules must ho 
separated in order to combine with the hydrogen. 

34. *The synthesis of water by weight cannot be effected with accuracy 
by weighing the gases themselves, on account of their lai^e volume. It 
is, therefore, accomplished hy passing an indefinite quantity of hydrogen 
over a known weight of pure hot oxide of copper, when the hydrogen 
combines with the oxygen of the oxide to form water. The loss of weight 
suffered hy the oxide of copper gives the amount of oxygen; and if this 
be deducted from the weight of the water, that of the hydrogen will be 
ascertained. 

^ Tl»e apparatufl employed for this purpose is represented in fig. 39. h is the bottl% 
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in which hydrogen is generated from diluted sulphuric acid and zinc; the gas passes 
in p through solution of jtotash, which absorbs any sulphuretted hydrogen; then 
through s, containing pumice stone (used on account of its porous character), saturated 
with a strong solution of nitrate of silver, which removes arsenic and antimony from 
the hydrogen ; the gas then xiasses through w, containing pumice saturated witli oil 



Fig. 39.—Synthesis of water by weiglit. 


of vitriol to absorb moisture. Tlic bulb c, with the oxide of copper, is weighed before 
and after the experiment, as are the globe g, for condensing the water, and the tu^ 
t, containing pnmice and oil of vitriol, to absorb the armeous va|K)ur. Of course, the 
bulb e must nut be heated until the hydrogen has ^placed all the air from the 
apparatus. 

35. It is evident tliat, altliongh hydrogen is generally designated the 
comhustiblo gas, and oxygen the supporter of combustion, the application 
of these terms (lepends entirely upon circumstances, since the phenomenon 
of combustion is a rec.iproctil opemtion in wliich both elements have an 
c<XUal share. 

This may be illustratod by a siiui>lo experiinc-nt. The hydrogon and oxygfu reser¬ 
voirs,* U and O, fig. 40, are connected with two bent irlass tiiU's xiassing thrangb a 
cork into an ordinary lamp gloss c, u{s}ii 
the upjier ojiening of wliich a piece of tin¬ 
plate is laid. In order to prerent the 
ends of the glass tubes from being fused 
by the burning gases, little platinum 
tubes, inaile by rolling up pieces of 
lilatiiiuiii foil, are jdueed iii the orifices, 
and tlio glass is molted round them by 
the blowpipe flame. TIio hydrogen being 
lighted, and the oxygen turned on to 
uliout the same extent, the lainp-gla.s8 is 
lilaccd over the cork, when the liydrogcn 
burns steadily. If the oxygen be slowly 
turned otf, the flame will gradually leave 
the hydrogen tube and come over to the 
oxygen, vniieh will continue burning in 
the atmosphere of liydrogcn. By again 
turning on the o.xygeu, the flame may be 
sent over to the hydrogen tube. Wiih 

a little care the flame may be made to 40. - Keciprocal combustion, 

occupy an intermediate position between 
the two burners, and to leap from one to the other at pleasure. 



36. The great energy with which hydrogen combines with oxygen is 
turned to account for the purpose of producing the highest temperature 
which can be obtained by anjr clusmical process. 

The oxyhydrogen blowiupe (fig. 41) is an apparatus for burning a jet of hydrogen 
mixed with half its volume of oxygen. The gases are suxipUed from separate gas- 

* Tbsso are the wrought iron vessels m which hydrogen and oxygen are condensed under 
the pressure of a few atmospheres by Mr Orchard of Kensington. They are far more con- 
• venlent than gas-bags or gas-holders. 
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Fig. 41.—OxyhyJrogen blowpijie. 


holders (or bags with pressure-boaa’ds and weights) through the tubes H and 0, which 

conduct them into the brass sphere B. Each of these 
tubes is provided with a valve of oiled silk opening 
outwards, so as to prevent the passage of either gas 
into the receptacle containing the other. The tube 
A is stuffed with thin copper wires, which would 
rapidly conduct away the heat and extinguish the 
flame of the mixed gases burning at the jet, 
should it tend to pass back and ^Cnite the mixture 
in B. 'fhe stop-cocks D and E allow the flow of 
the gases to bo regulated so that they may mix in 
the light proportions. If the hydrogen be kindled 
first, It will be found that, as soon as the oxygon 
is tunied on, the flame is reduced to a very much 
smaller volume, because the undiluted oxygen 
required to maintain it occupies only one-fifth 
of the volume of the atmospheric air trom which 
the hydrogen was at first supplied with oxygen. The heat developed by the com¬ 
bustion being therefore distributed over a much smaller area, the temperature at 
any given {xunt of the flame must be much higher, and very few substances ore 
capable of enduring it without fusion.* Lime is one of these; and if a cylinder of 
lime be supported, as at L, fig. 41, in the focus of the flame, its particles become 
heated to incandescence, and a light is obtained which is visible at night from very 
great distances, so as to be well ada]>ted for signalling and lighthouses. For such 
purposes coal-gJis is often used instead of hydrogen {oxtjmlciuw light). 

It a shallow i*avity be scooped in a lump of quicklime, a few .scraps of platinum placed 
in it, and exposed to the oxybydrogen flame (fig. 42), a fused globule of platinum of very 

con.siderablc size may be obtained in a few seconds, 
liy employing a little furnace maileof lime, Devitlehns 
succeeded in fusing ]ilatinum iu quantities sufludent 
to cast large ingots, a result unattainable by any 
other funiaee. Pipeclay, which resists the action of 
all ordinary fumace-heat.s, may be fused into a glas-s 
in this flame, whilst gold and silver are install- 
taneou.sly melted, and vaporised into a dense smoke. 





Fig. 42. 


37. In its chemical relations to other elements, hydrogen is diametri¬ 
cally oppo.sed to oxygen. "Wliereas tho latter combines directly with the 
greater number of the elements, hydrogen will enter into direct combina¬ 
tion with very few; oxygen, chloriuf), bromine, iodine, cai^ton, and mlphnr 
(the three last with difficulty), are tho only elements which unite in a 
direct manner with hydrogen, and of these only chlorine and bromine 
combine with hydrogen at the ordinary temperature, though not without 
exposure to light. Again, whilst fluorine is not known to form any com¬ 
pound with oxygen, its combination with hydrogen (hydrofluoric acid) is 
one of the most stable compounds known, and it may bo safely asserted 
that fluorine in the free state "would combine with hydrogen even more 
readily than chlorine does. All the metals form compounds "with oxygen, 
but very few combinations of metals with hydrogen have been obtained. 
Indeed, in its relations to other elements, hydrogen closely I'esemhles the 
metals, though it does not fall within the definition of a metal given 
above, since it does not form a base with oxygen, and its combinations 
with the salt-radicals (chlorine, &c.) are acids, and not salts. 

In the course of some experiments upon the power possessed by metals 
of absorbing (or occluding') gases at high temperatures and retaining them 
after cooling, Graham found that the metal palladium could ho made to 
absorb nearly one thousand times its volume of hydrogen at tho tempera¬ 
ture of boiling water. Finding that the metallic characters of the palla- 

^ * The temperature of thia flame baa been estimated at about 14,000’ P. 
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dium were not destroyed, as would be the case if it liad combined with a 
non metallic substance, Graham was inclined to believe in the metallic 
character of hydrogen, or hydrogenium, as he termed it. But since tbe 
hydrogen is veiy easily recovered by moderately heating tlie palladinm, 
and the absorption of large volumes of gases by solid bodies without 
alteration in the properties of the latter, is not at all uncommon, the con¬ 
clusion is scarcely justified. The hydrogen associated with palladium, 
however, has far more active properties than ordinary hydrogen, for it 
often combines spontaneously with the oxygen of the air, and will unite 
with chlorine and iodine even in the dark. 


38. Chemical Eelationb of Wateu to other Sobstances, —In its 
chemical relations water presents this very remarkable feature, that, 
although it is an indiffcreid oxide, its combining tendencies extend over 
a wider range than those of any other compound. Its combinations with 
otlier substances are generally called hydrides. Water combines with 
two of the elementary substances, viz., chlonno and bromine, forming an 
exception to the general rule, that conihination dors not take place between 
elementary and compound bodies. No other element is even dissolved by 
w’ater in any considerable quantity. One part of iodine is dissolved by 
500 parts of cold water, but no chemical combination appears to take 
place. Oxygen, hydrogen, and nitrogen are dissolved by water in very 
small quantity, but become only mechanically diffused through it, and 
do not enter into chemical combination. 


When water acts upon a compound body, it may either effect a simple 
solution, or may cuter into chemical combination w’ith it. 

Simple solution ajipears to be a piu’ely physical phenomenon, not 
accompanied, of necessity, by any chemical action. The dissolved sub¬ 
stance, in such cases, is otheiuvise unchanged in properties, and there is 
no manifestation of lieat, as in cases of chemical combination. On the 
contrary, there is a reduction of temperature, such as is always noticed in 
the merely physical change from the solid to the liquid form. For 
example, common saltpetre (nitre or nitrate of potash), when shaken with 
water, is rapidly dissolved, the water becoming sensibly colder. If fresh 
portions of saltpetre be added till the water is unaole to dissolve any 
more, it will be found that 1000 grs. of water (at f*0° F.) have dissolved 
about 300 grs. of saltpetre. Such a solution would be called a cold satu¬ 


rated solution of saltpetre. If the solution be 
set aside in an open vessel, the water will slowly 
pass off in vapour, and the saltpetre will be 
gradually deposited, its particles arranging them¬ 
selves in the regular geometrical shape of the 
six-sided prism, which is its common crys/a/Wne 
form. The crystals of saltpetre do not contain 
any water; they are anhydrous. 

If saltpetre be added to boiling water (in a 
porcelain evaporating dish, fig. 43), and stirred 
(with a glass rod) until the vrater refuses to 
dissolve any more, 1000 grs." of water will be 
found to have dissolved about 2000 grs. ; this 
would be called a hot saturated solution. 



Fig. 43. 


As a general rule, solids arc dissolved more quickly and in larger 
, quantity by hot water tlian by cold. 
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One of tlie comiuoziiest methods of cryntallining a solid substance con* 
sists in dissolving it in hot water, and allowing the solution to cool slowly. 
The more slowly it cools, the larger and more symmetrical are the crystals. 
A hot saturated solution is not generally the best for crystallising, because 
it deposits the dissolved body too rapidly. Thus, the hot solution of 
saltpetre prepared as above would solidify to a mass of minute crystals 
on cooling; but If 1000 grs, of saltpetre bo dissolved in 4 measured 
ounces of boiling water, it will form crystals of two or three inches long 
■vfhen slowly cooled (in a covered vessel). If the solution be stirred 
while cooling, the crystals will be very minute, having the appearance 
of a white powder. 

Some solids, however, refuse to crystallise, even from a hot saturated 
solution, if it be kept absolutely undisturbed. 

Sulphate of soda alFords a good example of thia. If the crystalliaed auljihate be 
added to boiling water in a llaak, as long as it is dissolved, the water will take into 
solution more than twice its weight of the salt, yielding a solution which boils at 
220® F. If this solution he allowed to cool in the open tlusk, an ahnndaut crystallisa¬ 
tion will take place, for cold water will dissolve only about one-third of its weight of 
crystallised sulphate. But if the flask (which should be globular) bo tightly corked 
whilst the solutiou is boiling, it may be kept for several days without crystallising, 
although moved about from one place to another. In tliis condition the fsolution is 
said to be aupcr-mturated. On withdrawing the cork, the air entering tlic partly 
vacuous space above the liquid wiU be seen to disturb the surface slightly, and from 
that point beautifiJ prismatic crystals will shoot through the li(|uid until the whole 
has become a nearly solid mass. A coiisidenihlo elevation of tetu])eraiure is observed, 
consc([ucut upon the pa.ssage from the Ht^uid to the solid form. If the solution of 
sulphate of soda be somewhat weaker, coutaining exactl}' two-thirds of its weight of 
the crystals, it may be cooled without crystallising, even iu vessels covered with 
glass plates, but a touch with a glass rod will start the crystallisation immediately.* 

Minute solid x^articles {midei) derived from the air appear to be instrnmeutal in 
causing the ciystallisatiou of super-saturated solutions. If the solution of snliihate 
of soda containing two-thirds of its weight of tlie crystallised salt be allowed to cool 
in a flask closed by a cork furnished with two tubes closed with plugs of cottonwool, 
it will be found that on withdrawing the ydugs and blowiiig air through one of the 
tubes dipping into the solution, crystallisation does not take xdace, apparently bc- 
canse the air has been deprived of the jtartieles capable of causing it; for if air be 
blown through the same solution with tlu! l>ellows, it solidifles almost instantane¬ 
ously. 

A most beautiful illustration of the power of uniiltered air to start crystallisation 
is afforded by a solution of alum which lias been saturated at 194“ F,, and allowed 
to cool in a flask, the mouth ot which is closed by a x>lug of cotton wool. In thia 
state it may bo kept for weeks without crystallisinj^^, but on withdrawing the plug, 
crystallisation will bo seen to commence at a few points on the sur&co immediately 
under the opening of the neck, and will spread slowly from these, octahedral 
crystals of alum of half an inch or more in diameter being built up in a few seconds, 
the temperature, at the same time, rising,very considerablx', 

^ In the laboratory, stirring is always resorted to in order to induce ci-ystallisa- 
tion, if it does not take ])]ace spontaneously, 'llius it b usual to test for potash 
in a solution by adding tartaric acid, which should cause the formation of minute 
crystals of Idtartrate of potash {cream of tai’tar), but the test seldom succeeds unless 
the solutions are briskly stirred together with a gloss rod. An amusing illustra¬ 
tion of this is afforded by pouring a solution of tailaric acid into a solution of 
sal^tre, and allowing the clear mixture to run over a large jilate of glass. 
Letfera traced on the glass with the Anger will now be rendered visible by the 
deposition of the crystals of bitartrato of jiotash iii>on the glass. 

30;^ The (aystals of sulphate of soda produced in the above experiments 
contain, in a state of combination with the salt, more than half their 
weight of water. Their composition is— 

* It is ve^ ranarkalde that, if the glass rod has been recently heated, it will not cause 
the crj'stalli.sation even after it has boeu cool for some time. 
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Anhjdrous sulphate of soda (Nii,O.SO,) 142 part^ or one molecule, 

Water.180 „ or teo molecules, 

as expressed by tbe formula Na20.S03.10H20. If some of tbo crystals 
be pressed between blotting paper to remove adhering water, and left 
exposed to the air, they will gradually effloresce, or become covered with a 
white opaque powder. This powder is the anhydrous sulphate of soda into 
which the entire crystals woiild ultimately become converted by exposure 
to air. Since most crystals containing water have their crystallino foim 
destroyed or modified by the loss of the water, it is commonly spoken of 
as water of crystallisation. 

Colour^ salts, containing water of crystallisation, generally change 
colour when the water is removed. The sulphate of copper {blue stone) 
affords an excellent example of this. The beautiful blue prismatic crystals 
of this salt contain 

Anhydrous sulphate of copper (CuO.SO,! 159'5 parts, or one molecule. 

Water . j . . . . S)0‘0 ,, or five molecules. 

as expressed by the formida CuO.SO^.fiHjO. 

When these are exposed to the air at the ordinary temperature they 
remain unchanged; but if heated to the boiling-point of water, they 
become opa<pie, and may be easily crumbled down to a w-hite powder. 
This powder contains 

Anhydrous sulphate of copper (CuO.SOj) 1.59‘5 jiarts, or one molecule. 

Water. IS ,, or one molecule, 

and would therefore be represented by OuO.SOyHjO. The four 
molecules of water, which have been expelled, constituted the water of 
crystallisation, upon which the form and colour of the sulphate of 
copper depend. If the wliite powder be moistened with water, com¬ 
bination takes place, with great evolution of heat, and the blue colour is 
reproduced. The one molecule of water which still remains, is not 
exjmlled until the salt is heated to 390° F. {199° C.), proving that it 
is held to the sulphate of co])j)er by a more powerful chemical attraction. 
On this account it is spoken of as water of constitution, and in order that 
the formula of the salt may exliibit the difference between the water of 
constitution and of crystallisation, it is ususdly Aviitten 

CuO.SOj.ILO. 4Aq.* 

(Definition. — Wafer of erystallisation of salts is that which is generally 
expelled at 212® F. (100° C.), and is connected with the fonn and colour 
of the crystals. Water of constitution is not generally expelled at 212° 
F., and is in more intimate connection with the chemical properties of 
the salt) 

Several of the so-called sympathetic inks employed for writings which 
are invisible until heated, depend upon the change of colour wliich results 
from the loss of water of crystalhsation. Characters written with a weak 
solution of chloride of cobalt and allowed to dry, are very nearly in¬ 
visible, since the pink colour of so small a quantity of the satt is scarcely \ 
noticed ; but on wanning the paper, the pink hydrated chlori^ of cobalt 
(CoGlj.2Aq.) loses its water m crystallisation, and tho blue -i^ydrous 
chloride of cobalt is produced. On exposure to air this again absorbs 
water, and the writing fades arvay. 

Some salts have so groat a tendency to combine with water, that they . 
, * Aqua, water. * 
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become moist or deliquesce when exposed to air. This del^uescence is 
, exhibited in a marked degree by chloride of mlcvum, and its great attrac¬ 
tion for water is turned to advantage in drying air and other gases by 
i passing them through tubes filled with the salt. 

40. Most bases are capable of combinmg with water to form hydrates, 
as exemplified in the inking of lime. Anhydrous lime or quick-lime 
^aO), when wetted with water, combines with it, evolving much heat, 
^d crumbling to a loose bulky powder, which is hydrate of lime or slaked 
lime (CaO.H^O). At a red heat the water is expelled, mid anhydrous 
lime remains. 

The hydrates of potash, soda, and baryta, however, do not lose their 
water when heated, which has led some chemists to entertain tlie belief 
that they do not really contain water as such, but that they have been ' 
formed from water by the substitution of a metal for a portion of its 
hydrogen. Upon this view, the hydrate of potash, instead of being re¬ 
presented by the formula K^O.H^O, would be KHO, or water (H,0), 
in which potassium has been substituted for half the hydrogen. 

41. Nearly all the acids are capable of forming hydrates. Indeed, as 

a general rule, the hydrated form of an acid is that in which it is com¬ 
monly obtained and used, the anhydrous acid being usually of veiy 
secondaiy importance^ Thus, the liquid used under the name of concen¬ 
trated sulphuric acid is the hydrate of that acid (HgO.SO^), the anhydrous 
sulphuric acid (SOg) being a crystalline solid of no use excei)t to the 
chemist, and not manifesting any acid properties until brought into contact 
with water, with which it combines with evolution of much heat. The 
hydrated sulphuric acid (11^0.80^) does not lose its water when heated, 
but distils unchanged, and some chemi.sts are of opinion that the hydiugen 
is not contained in it in the form of water, but that the so-called hydrated 
sulphuric acid should be represented as so as not to indicate that 

it contains water. Tlie acid is thus represented as a unitary compound 
(formed of one group), instead of a binary compound of the groups HgO 
and SOj. Convenient as this view is sometimes found in notation and in 
theoretical speculations, the circumstance that SO., is known in the separate 
state, and yields the hydrated sulphuric acid when brought in contact 
with water, causes the latter view still to find favour among many 
practical chemists. 

The hydrated sulphuric acid (HjO.SOg) has a very powerful attraction 
for more water, which leads to its employment in the laboratory for 
drying air and gases, as well as for producing many chemical changes 
which depend upon the abstraction of water or Its elements {dehydratiov^. 

I If concentrated sulphuric acid {oil of vitriol) be poured into water, the 
I mixture will become very hot, in consequence of the combination between 
fthe two liquids The water should be stirred whilst the acid is being 
poured in, as the sudden mixture of considerable quantities might cause 
danger from the projection of the liquid. 

42. Water from Natural SouBCBs.-j-Pure water is not found in 
nature. Bain is tlie purest form of natural water, but contains certain 
gases which it collects from the atmosphere during its fall As soon as 
it reaches the earth, it begins to dissolve small portions of the various 
solid materials with which it comes in contact, and thus becomes charged 

‘ Md other substances to an extent varying, of course, with the 
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nature of the soils and rocks which it has toudied, and attaining its 
highest point in sea water, which contains a larg er prop ortion of saline 
matters than water from any other natural source. ’ Ice, wurai melted, 
affords nearly pure water, since, when water containing sdts is partially 
frozen, these are left dissolved in the uncongealed water. 

If a quantity of rain, spring, river, or sea water be boiled in a flask 
furnished with a tube also fiU^ with the water, and passing under a gas 
cylinder standing in a trough 
of the same water (fig. 44), 

'it will be found to give off a 
^quantity of gas which was 
.previoudy held in solution 
by the water, and is now set 
f^ because gases are less 
soluble in hoi than in cold 
water. The quantity of this 
gas will vary according to 
the source of the water, but 
it will always be found to 
contain the gases existing in 
atmospheric air, viz., nitro¬ 
gen, oxygon, and carbonic 
acid. One gallon of rain 
water will generally furnish 
about 4 cubic inches of nitrogen, 2 cubic inche g, of oxyg en, and 1 cubic 
inch of carbcmic^cuT ”Tt is worthy of remarfiTTliat the nitrogeri”an3 
oxygen have been dissolved by the water, not in the proportions in which 
they exist in the atmosphere (4 X : 1 0), but in the proportions in which 
they ought to be dissolved, if it be true that they exist in the air in the 
condition of mere mccliauical admixture. The oxygen thus carried down 
from the air by rain apjiears to be serviceable in maintaining the respira¬ 
tion of aquati* anitnals, and in confening upon river ivaters a self-purify¬ 
ing power, by acting upon certain organic matters which would probably 
prove hurtful to animals, and converting them into hannless products of 
oxidation. In the ca.'^es of rivers contaminated with the sewage of towns, 
this action of the diasolved oxygen is probably of great importance. 
The carbonic acid dissolved in rain water also probably sen'^es some 
useful purposes in the chemical economy of Is'ature. (See Carbonic 
Acid.) 

43. The waters of wells, springs, and rivers, and especially those of 
the two first-named sources, differ very much from each other, according 
to the nature of the layers of rock or earth over or through which they 
liave passed, and from which they dissolve a great variety of substances, 
some of which are familiar to us in daily life, while others are only met 
with in chemical collections. Under the former head may be enume¬ 
rated Glauber’s salt (sulphate of soda), common ssd^chloride of sodium), 
Epsom salt (sulpB&te of magnesia), gyqwwm (lulpflate of lime), 
(carbonaffiTff lime), common magnesia (carbonate of magnesia),, carbonic 
acid, and silica. 

.Among the substances known only to the chemist, may be mentioned 
sulphuretted hydrogen, sulphate of potash, chloride of potasm um. chloride 
«f calcium, chloride of magnosiWnr phosphate of limeTraomides SKI 
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iodides of calcium aud luagaeSium (rai:dy), ,iilumiM (ptelably sulpbato 

of alumina), carbonate of iron, and certain v^etable substwces.* 

The well waters of certain localities (as, for example, tho% of iMge 
towns) also frequently contain salts of nitric and nitrous acids, end of 
' ammonia. 

The waters of springs and rivers do not differ very materially from 
well waters as to the nature of the substances which they contain^ though, 
in the case of river waters more particularly, the quantity of these sub¬ 
stances is materially influenced by the conditions of rapid motion and 
yposure to air under which such waters are placed. 

'^Household experience has established a classification of the waters 
from natural sources into »oft and hard waters—a division which depends 
chiefly upon the manner in which they act upon soap. If a piece of 
soap be gently rubbed in soft water (rain water, for example) it speedily 
furnishes a froth or lather, and its cleansing powers can be readily 
brought into action; but if a hard water (spring water) be substituted for 
rain water, the soap must be rubbed for a much longer time before a 
lather can be produced, or its eflect in cleansing rendered evident; a 
number of white curdy flakes also make their appearance in the hard 
water, which were not seen when soft water was used. The explanation 
of this dilference is a purely cliemical one. 

Sdw is formed by the combination of a fatty acid with an alkali; it is 
mariftmetured by boiling oil or fat with potash or soda, the former for 
soft, tlie latter for hard soaps. In the preparation of ordinary hard soap, 
the soda takes from the oil or fat two acids ,—simric and ohk acids,— 
which exist in abundance in most varieties of fat, and unites with them 
to form soap, which in chemical language would be npoken of as a mix¬ 
ture of stearate and olcate of soda. 

If soap be rubbed in soft water until a little of it has dissolved, and 
some Epsom salts (sulphate of magnesia) bo dissolved in water, and 
poured into tbo soap water, curdy flakes will be produced, as when soap 
is rubbed in bard water, and the soap water will lose its property of froth¬ 
ing when stirred; the sulphate of nmgnesia has decomi^osed the soap, the 
soda contained in the latter has combined "with the sulphuric acid exist¬ 
ing in the sulphate of magnesia, to form a fml})halo of soda which remains 
dissolved in the water, while the ma^ynesia, uniting with the stearic and 
oleic acids, produces the insoluble curdy flakes, which consist of stearate 
and oleato of magnesia. 

Similar to the eflect of the sulphate of magnesia is that of hard waters; 
their hardness is attributable to the presence of the dift’erent salts of limo 
and magncisia, all of which decompose the soap in the manner exempli¬ 
fied above; the peculiar properties of the soap in forming a latlmr and 
dissolving grease can, therefore, l)o manifested only when a suffleiimt 
quantity has been employed to decompose the whole of the salts of lime 
and magnesia contained in the quantity of water operated on, and thus a 
considerable amount of soap must be rendered useless when hard water is 
employed. 

On examining the interior of a kettle jn which spring, well, or river 
water has been boiled, it will be found to be coated more or less thickly 
with a fwr or incrustation, generally of a brown colour, and the harder 

* Althongli it is certainly Itnown that the acids and bases capable of fonriiiw the saits 
t here enninefated may be dete(!ted in spring and river waters, their exact distribntion 
amongst each jrther is still a matter of unMrtainty. *, 
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the watCT, the iBOfe speeflily eoU tiiis iu cro gtetion be deposited. A 
chemical examination shows this depc^it'to con^F chiefly.of carbonate of 
lime, in the form of minute crystals, which may be “’discovered by the 
miorosoope; it usually contains, in addition, some carbonate of magnesia, ^ 
sulphate of lime, and small quantities of sesquioxide of iron (rust), and ” 
vegetable matter, the last two substances imparting its brown colour. In j 
order to explain the formation of this deposit, it is necessary to become | 
acquainted with the particular condition in which the carbonate of liiqp | 
exists in natuml waters. Carbonate of lime is hardly dissolved to any 
perceptible extent by pure water, though it may be dissolved in con- , 
siderable quantity by carbonic acid. This statement, which is of great 
importance in connection with natural waters, may be verified in the 
following manner. A little slaked lime is well shaken up in a bottle of 
distilled or rain water, which is afterwards set aside for an hour or two; 
as soon as that portion of the lime which has not been dissolved has sub¬ 
sided, the clear portion is carefully poured into a glass, and a little soda- 
water or solution of carbonic acid in water is added to it; the first addi¬ 
tion of the carbonic acid to the lime water causes a milkiness, duo to the 
formation of minute particles of carbonate of lime, by the union of the 
carbonic acid with the lime ] this carbonate of lime, being insoluble in 
the water, .separates from it, or predpitaie-’^ and impairs the transparency 
of the liquid; a further addition of carbonic acid water renders the liquid 
again transparent, for the carbonic acid dissolves the carbonate of lime 
which has separated, forming, in the opinion of some chemiste, a definite 
chemical compound, the hicarhonafe of lime, which contains twice as 
much carbonic acid as the carbonate; since, however, this bicarbonate of 
lime has not been separateti from the water in a pure state, it is safer to 
regard it merely as a solution of carbonate of lime in free carbonic acid. 

If this clear solution he introduced into a flask, and boiled over tlie 
spirit-lamp or gas-iiamc, it will again become turbid, for the carlx)nic 
acid will be exjMjlled by the heat, and the carbonate of lime will he de¬ 
posited, not now, however, in so fine a powder as before, but in small 
hard grains which have a tendency to fix themselves firmly upon the 
sides of the flask, and, when examined by the microscope, are seen to 
consist of small ci^'stals. 

In a similar manner, -when natural w aters are boiled, the free carbonirf 
acid which they contain is cxpelleii in the gaseous state, and the carhonA 
tftes of lim e, magnesia, and iron are preci pitated, since they““areV 

iSToluble^which does not contain" febomc acid. Hut, by thei 
ebullition of the water, a portion of it has been dissipated in vapour, and! 
if there he much sulphate of lime present, tlie quantity of water left may < 
not he sufficient to retain the whole of that salt in solution; and this is 
the more likely to happen, because suli>hate of lime requires about 400 
parts of water to dissolve it; * a quantity of sulphate of lime, then, is 
liable to bo deposited together with the carbonates of lime, magnesia, and 
oxide of iron, and, should the water contain much vegetable matter, this 
is also often depomted in an insoluble condition, tlie whole eventually 
forming together a hard compatst mass, composed of successive thin layers, 
on the bottom and sides of the vessel in which the water has been boiled. 

• Sulphate of litne has been found nearly insoluble in water having; a higher temperutiue 
than 212“ F., oA would lie the case in boilers worked under pressure, so that tfc would 
readily be deposited. It is said that waters ooataming little or no solpliate of lime yield 
♦ loose and friable deposit. 
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; The “farrmg” of a kettle is objectionable^ chiefly in consequence of its 
^reteiding the ebullition of the water, since thej'^eposit is a very bad con- 
I ductor of heat, and therefore impedes the transmission of heat from the 
fire to the watery hence the common practice of introducing a roimd stone 
or istarble into the kettle, in order, by its perpetual rolling, to prevent the 
paructes^}f carbonate of lime from forming a compact layer. In steam 
boilers, however, even more serious inconvenience than loss of time some- 
tipies arises if this deposit bo allowed to accumulate, and to form a 
thick layer of badly conducting material on the bottom of the boiler, since 
the latter is then liable to become red hot, and should the incrustation 
happen to crack, and allow the water to reach the red hot metaJ, so 
violent a disengagement of steam follows, that boilers liave been known 
to burst under the sudden pressure. But even though this calamity be 
escaped, the wear and tear of the boiler is very much increased in conse¬ 
quence of the formation of this deposit, since its hardness often renders 
it necessary to detach it with the hammer, much to the injury of the iron 
boiler-plates, which are also subject to increased oxidation and corrosion, 
in consequence of the high temperature which the incrustation permits 
them to attain by preventing their contact with the water. Many propo¬ 
sitions have been brought forward for the prevention of these incrusta¬ 
tions ; some substances have been used of which the action appears to 
be purely mechanical, in preventing the aggregation of the deposited 
■ particles. Clay, sa w-dust , and other matters have been employed with 
this viejv; hilt the "action of' s ql-animoni ac7\ which has also been found 
efficacious, must be explained uponTjlttPBly chemical principles. When 
this salt is boiled with carbonate of lime, mutual decomposition ensues, 
resulting in the production of chloride of calcium and carbonate of 
ammonia, of which salts the former is very soluble in water, while the 
latter passes off in vapour with the steam.* 

I The deposit formed in boilers fed with sea water consists chiefly of sul- 
I phate of lime and hydrate of magnesia, the latter resulting from the 
1 decomposition of the chloride of magnesium present in sea water. 

* The incrustations formed in cisterns and pipes by hard water are also 
produced by the carbonates of lime and magnesia deposited in consequence 
of the escape of the free carbonic acid which held them in solution. Many 
interesting natural phenomena may be explained upon the same principle. 
The so-called petrifying springs^ in many cases, owe theh remarkable 
properties to the considerable quantity of carbonate of lime dissolved in 
carbonic acid which they contain; when any object, a basket, for ex¬ 
ample, is repeatedly exposed to the action of these waters, it becomes 
coated with a compact layer of carbonate of lime, and thus appears to 
have suffered conversion into limestone. The celebrated waters of the 
Sprudel at Carlsbad, of San-Fiiippo in Tuscany, and of Saint Allyre 
in Auvergne, are the best instances of this kind. 

The stalaGtites and stalagmites ,which are formed in certain caverns 
or natural grottoes (fig. 45), afford beautiftil examples of the gradual 
separation of the carbonate of lime fi'om water charged with carbonic acid. 
Each drop of water, as it trickles through the roof of the cavern, becomes 
surrounded with a shell of carbonate of lime, the length of which is 
prolonged by each drop as it falls, till a stalactite is formed, varying in 

* Solutions of the esustic alkalira^ of alkaline carbonates, and arsenites, are also occa- 
^-^sionallv employed to ptevent fhe'fonnation' of hicrustatinns in boilers. 

- t From to drop; aroKayfut, a drop, • 
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colour according to the nature of the suhstancra which are separated 
from the water together with the carbonate of lime (such as the oxides 
of iron and vegetable 
matter) •, and as each drop 
ialls from the point of the 
stalactite upon the floor of 
the cavern, it deposits 
there another shell of car¬ 
bonate of lime, which 
grows, like the upjwr one, 
but in the opposite direc¬ 
tion, and forms a stalag¬ 
mite, thus adorning the 
grotto with conical pillars 
of carbonate of lime, some¬ 
times, as in the case of the 
oriental alabaster, varie¬ 
gated with red and yellow, 
and applicable to orna¬ 
mental purposes. 

When Water which has 
been boiled forsometimeis 
compared with unboiled water from the same source, it will be found to have 
become much softer, and this can now be easily explained, for, a consider¬ 
able proportion of the salts of lime and magnesia having separated from the 
water, the latter is not capable of decomposing so large a quantity of soap. 
The amount of hardness which is thus destroyed by boihng is generally 
spoken of as temporary hardness, to distinguish it from the pei'manent 
hardness due to the soluble salts of lime and magnesia which still remain 
in the boiled water. It is customary with analytical chemists, in report¬ 
ing upon the quality of natural waters, to express the hardness by a cer¬ 
tain number of degrees wliich indicate the number of grains of chalk or 
carbonate of lime which would be dissolved in a gallon of water contain- ’ 
ing carbonic acid, in order to render its hardness equal to that of the f 
water examined, that is, to render it capable of decomposing an equal: 
quantity of soap. Thus, when a water is spoken of as having 16 degrees! 
hardness, it is implied that 16 grs. of carbonate of lime dissolved in a| 
gallon of water, containing carbonic acid, would render that gallon of | 
water capable of decomposing as much soap as a gallon of the water under | 
consideration. 

The utility of a water for household purposes must be estimated, there¬ 
fore, not merely according to the total number of degrees of hardness 
which it exhibits, but also by the proportion of that hardness which may 
be regarded as temporary, tliat is, which disappears when the water is 
boiled. Thus the total Wdness of the Now River water amounts to 
nearly 16 degrees, that of the Grand Junction Company to 14 degrees, and 
yet these waters are quite applicable to household uses, since their hard¬ 
ness is reduced by boiling to a]}out 5 degrees. It has been ascertained 
that every degree of hardness in water gives rise to a waste of about JO 
grs. of soap for every gallon of water employed, and hence the use of 100 
gallons of Thames or New River water in washing will be attended with 
the loss of about 2 lbs. of soap; this loss is reduced, however, to about 
^^o-third when the temporary hardness has been destroyed by boiling. 



Fig. 45.—Stalactite cavern. 


48 ACTION OF WATER 6N LEADEN CISTERNS. 

A'' * ' 

The additicm of Wjashing soda (carbonate of soda) removes not only the 
temportuy, but also’'the permanent hardness due to the presence of the 
sulphates of lime and magnesia in the water, for both these salts ate de¬ 
composed by the carbonate of soda, which separates the lime and mag¬ 
nesia as insoluble carbonates, while sulphate of soda remains dissolved in 
; the water.* The household practice of boiling the water, and adding a 
little washing soda, is therefore very efficacious in removing the hard¬ 
ness. C/arA’sjprocess for softening waters depends upon the neutralisa¬ 
tion of the free carbonic acid contained in the water by the addition of a 
certain quantity of lime; the lime thus added combines with the free 
. carbonic acidj and the carbonate of lime so produced separates together 
with the carbonates of lime and magnesia, which wore previously retained 
in solution by the free carbonic acid; this process, therefore, affects chiefly 
the temporaiy hardness ; moreover, the earthy carbonates wliieh are sepa¬ 
rated appear to remove from the water a portion of the oiganic matter 
which it contains, and thus eflect a very important purilication. The 
water under treatment is mixed, in large tanks, with a due projiortion of 
lime previously diffused through water (the quantity necessary having 
been determined by preliminary experiment), and the mixture allowed to 
settle until perfectly clear, when it is drawn off into reservoir8.+ 

Waters which are turbid from the presence of clay in a state of sus¬ 
pension, are sometimes purified by the addition of a small quantity of 
alum or sulphate of alumina, wdion the alumina is precipitated by the car¬ 
bonate of lime, and carries down v'ith it mechanically the suspended clay, 
leaving the water clear. 

The organic mUter contained in waters may bo vegetable matter dis¬ 
solved from the earth, with which it has come in contact, or resulting 
from the decomposition of plants, or it may be animal matter derived 
either from the animalcules and fish naturally existing in it, or from the 
sewage of tows, and, in the case of well waters, from surface drainage. 
It is a pretty generally received opinion that such of these organic matters 
as are very susceptible of chemical change have an injurious elfcet upon 
the system of persons drinking the water, and it is now usual, in ex- 
1 amining water as to its fitness for consumption, to ascertain how much of 
(the organic matter is in a changeable condition, by determining with the 
aid of a solution of p ermanganate of potash the amount of oxygon neces¬ 
sary to effect its conversion into more stable forms. 

It is believed, upon good medical authority, that cholera and diarrhoea 
are propagated % certain spores or germs, which are present in the eva¬ 
cuations of persons suffering from those maladies, and are conveyed into 
water which is allowed to become contaminated by sewage. 

44. One of the most important points to be taken into account in 
estimating the qualities of a water is its a ction upon lead, since this metal 
is unfortunately so generally employed for tHe storage and transmission of 
water, and cases frequently occur in which the health has been seriously 
injur^ by repeated small doses of compounds of lead taken in water, 
which has been kept in a leaden cistern. If a piece of bright, freshly 
scraped lead be exposed to the air, it speedily becomes tarnished from the 
formation of a thin film of the oxide of lead, produced by the action of 

•CaO.BO, + Na»O.CO, = Na,O.SO, + CaO.CO„ 

Sntpliate of llmO. Cwbonate of soda. Sulphato of soda. Carbonate of unto. 

o' t Thanww and New River water are softened, in this way, to or to a lower point 

than by on honr’g boiling. 
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j ; *ani“ - 

the atmosphenc oxygen ; this oxide of load is to some 

extend and hence, when l€«d'is~'hept ih contact 'witiif waiter,^he oxygen 
wl^h is dissolved in it acts upon the metal, and the oxi^e io produced 
is di^lved by the water; but, fortunately, different waters act with very 
different degrees of rapidity upon the metal, according to the nature of 
the substances which they contain. 

The film of oxide which forms upon the surf^e of the leatl is in¬ 
soluble, or nearly so, in water containing much sulphate or carbonate of 
lime, so that hard waters may generally be kept without danger in lead^ 
cisterns; but soft waters, and those which contain nitrites or nitrates, 
should not be drunk after contact with lead. Nearly all waters which 
have been stored in leaden cisterns contain a trace of the metal, and since 
the action of this poison, in minute doses, upon the system is so gradual 
that the mischief is often referred to other causes, it is much to be desired 
that lead should be discarded altogether for the construction of cisterns. 

Mineral watare, as they are popularly called, are simply spring waters 
containing so huge a quantity of some ingredient as to have a decided 
medicinal action. They are differently named acconiing to the nature of 
their predominating constituent. Thus, a chalybeate water contains a con¬ 
siderable quantity of a sail of the oxide of iron (usually the carbonate dis¬ 
solved hy free carbonic acid); an acidulous water is distinguished hy a 
largo proportion of carbonic acid, and is well exemplified in the celebrated 
Seltzer water ; a sulphureous or hepatic water has the nauseous odour due 
to the presence of sulphuretted hydrogen. The Harrogate water is emi¬ 
nently suli>hureou8. Saline watei-s are such as contain a large quantity 
of some salt; thus the saline spiings of Cheltenham are rich in common 
salt and sidpbatc of soda. 

The chalybeate waters, which are by no means uncommon, become 
bi’own when exposed to the air, and deposit a rusty sediment which con¬ 
sists of the sesquioxido of iron, formed t>y the union of the oxygen of the 
air with the oxide of iron existing in the carbonate.* 

45. Sea water contains the same salts as are found in waters from othei* 
natural sources, but is distinguished by the very large pniportion of chlo¬ 
ride of sodium (common salt), A gallon of sea water contains usually 
about 2500 grains of saline matter, of which 1890 grains consist of common 
salt. The circumstance that clothes wetted with sea water never become 
perfectly dry is to be ascribed chiefly to the chloride nf magnesium present 
in the water, which is distinguishcjl by its tendency to deliquesce or become 
damp in moist air. There ai-e two elements, bromine and iodine, which 
are found combined witli metals in appreciable quantity in s^ water, 
though they are of somewhat rare occurrence in other waters derived from 
natural sources. 

46. By distillation, pure water may be obUiined from most spring anti 
river waters. 

Distillation is the conversion of a liquid into a vapour, 
and its recondensation into the litiuid form in another vessel.) 

Fig, 46 represents the ordinary form of still in common use, in which A is a copper 
boiler containing the water to be distilled \ B the htxtd of the still, which lifts out at 
h, and is connected hy the neck V with the worm D, a tin pipe coiled round in the 
tub E, and issuing at F. The steam from the boiler, pasring into the worm, is oon- 

•2(F«0.00,) + 0 + H,0 = Fe,0,.H,0 + 200, 

C.»rlK>«*teof bon 'Vnti-v. CartronteMJd. 
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desised to the liquid state, being cooled by the water in contact with the worm; this 
water, becoming heated, passes off through the pipe G, being replaced by cold water, 
which is allow^ to enter through H.* 

Anoi^ form of apparatus for distillation of water and other liquids is in 
fig. 47. A is a stoppered retort, the neck of which fits into the tube of a lAebig^a urn- 

denser (B), which 
consists of a glass 
tube (0) fitted by 
means of corks into 
a glass, copper, or 
tinned iron tube 
(D), into which a 
stream of cold water 
is passed by the 
funnel £, the Wted 
water running out 
through the upper 
tube F. The wi^ 
furnished by the 
condensation of 
the steam passes 
through thsi quilled 
receiver G, into the 
flask H. Heat is 


Fig. 46. 

Many special precautions are requisite in order to obtain absolutely pure 
distilled water for refined experiments, but for ordinary purposes the com¬ 
mon methods of distillation yield it in a sufficiently pure condition. 

The saline matters present in the water are of course left behind in the 
still or retort. Sea water is now frequently distilled on board-ship when 


gradually applied 
to the retort by a 
ring gas-burner. 




Fig. 47.—Distillation—Liebig’s condenser. 


fresh water is scarce. The vapid and disagreeable taste of distilled water, 
which is due to its having been deprived of the dissolved air during the 
distillation, is remedied by the use of jN'ormandy’s apparatus, which pro¬ 
vides for the restoration of the expelled a|ri 

gas-burner (K) on Bunsen^ princJifle is very convenient for a small still of- 
,thu desenpticn. 
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47. The {physical properties of Tirater are too well known to r^uire any 
dotted description. Its specific graVity in the hqtud state is 1, being 
talken as the standard to wliich the specific gravities of liquid and solid 
bodies are referred. 

(Definition. —^The specific gravity of a liquid or solid body is its weight 
as compared with that of an equal volume of pure water at 60** F., 
16“*6 C.) 

Water assumes the solid form, under ordinary circumstances, at 32° F. 
(0° C.), and may be obtained in six-sided prismatic crystals. Snow con¬ 
sists of beautiful stellate groupings of these crystals. Ice has the specific 
gravity 0*9184. In the act of freezing, water expands very considerably, 
so that 174 volumes of water at 60° F. become 184 volumes of ice. The 
breakage of vessels, splitting of rocks, &c., by the congelation of water, 
are due to this expansion. Water passes off in vapour at all tempera¬ 
tures, the amount of vapour evolved in a given time of course increasing 
with the temperature. The boiling point of water is 212° F. (100° C.) 

(Definition. —The boiling point of a liquid is the constant tempera¬ 
ture indicated by a thermometer, immersed in the boiling liquid in the 
presence of a coil of platinum wire, to facilitate disengagement of vapour, 
and at a pressure of 30 in. (762 mm.) Bar.) 

At and above 212° F. at the ordinary atmospheric pressure (30 in. Bar.), 
water is an invisible vapour of specific gravity 0‘622 (air 1). One cubic 
inch of water at 60° F. becomes 1696 cubic inches of vapour at 212° F. 

48. Biaosride or peroxide of hydrogen or oicygenated v'ater, H,0^. This compouad 
is not met with in nature, nor W it any important useful application in the arts. 
It has recently, however, ocriuired some importance as a medicinal agent, and it 
pos-sesses very neat interest for the student of chemical philosophy, because it helps 
to throw some light the atomic constitution of the elements. 

To prepare the peroxide of hydi-ogen, some baryta (BaO) is heated in a current of 
o.xygen, when it becomes converted into the peroxide of barium (na02). If this be 
iwwdered, suspended in water, and acted upon by a stream of carbonic acid gas, the 
water becomes charged with the peroxide of hydrogen; BaO. + lIjO + CO. = 
BaO. COj + H 2 O 2 . The carbonate of baryta is allowed to subside, and the clear 
solution of peroxide of hydrc^oii poured oil'. 

If a little powdered hinoxide of manganese be thrown into the selntion, brisk 
effervescence will ensue from Uie escape of oxygen, which may be recognised by the 
usual test with a partly extin^ished match. The hinoxide of manganese does not 
ap[)ear to be decomposed in this experiment, the whole of the oxygen being derived 
from the peroxide of hydrogen dissolved in the water, which is immediately decom¬ 
posed, by contact with the ninoxide of manganese, into water and free oxygen. If a 
solution of pennanganate of potash be poured into a cylinder partly filled with idle 
liquid, it will cause a rapid evolution of oxygen, derived not only from the peroxide 
of hydrogen, but from the permanganic acid, the red colour of which disappears, 
because it becomes reduced to a lower oxide of manganese. 

Tlie usual method of preparing peroxide of hydrogen in a pure state, consists in 
decomposing the peroxide of barium with diluted hydrochlonc acid, under certain 
precautions to avoid the decomposition of the very unstable peroxide of hydrogen. 
Its formation is represented by the equation BaO, -I- 2HC1 = H,0, -f BaCl,. The 
chloride of barium is removed from the solution by the cautious addition of sulphate 
of silver, which precipitates the barium as sulphate of baryta, and the silver as 
chloi'ide of sfiver, thus, BaClj + Ag20.SO, = 2AgCl + Ba0;‘602; llie precipitates 
are allowed to subside, and the dear uquid evaporated iu the exhausted receiver of 
the air-pump over a dish of oil of vitriol to absorb the water, which evapomtes much 
more rnpidly than the peroxide, fl'he pure peroxide of hydrogen is a syrupy liquid 
of sp. gr. 1’458, with a very slight chlorous odour. Its most remarkable ^ture is 
the famlity with which it is decomposed into water and oxygen.* Even at 70* F. 

• The presence of a little tree acid nxeim it rather more stable, whilst fiee alkali has 
the opposite effect, A solution of peroxide of hydrogen, eontahimg a lUtto hydrodtlorio 
^ acid, Is now sold for medicinal and photographic uses. " " 
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it begins to evolve babbles of oxygen, so that it can scarcely be prepared in hot 
-Treather. At 212" it decomposes with violence. The mere contact with cerj^n 
metals, such as gold, platinum, and silver, which have no direct attraction for oxy¬ 
gen, will cause tiie decomposition of the peroxide of hydrogen, without any chemical 
alteration of the metal itself.* It was noticed above that the binoxide of manganese 
decomposes it without undergoing any apparent change. The most surprising 
effect m that which takes place wifti oxide of silver. If a drop of proxide of hydro¬ 
gen be allowed to fall upon oxide of silver, which is a brown powder, decomposition 
takes place with explosive violence and great evolution of heat, the oxide of silver 
losing its oxygen, and becoming grey metallic silver. The oxides of gold and 
platinum are acted upon in a similar niaiiuer. 

These very extraordinary changes, winch were formerly described as minhjtic 
actimis, are how genemlly accounted for by the hyiiothesis that the oxygen in the 
oxide of silver, &c., exists in a condition different from that of the second atom of 
oxygen in the peroxide of hydrogen, and that the.se two conditions of oxygen 
have a chemical attraction for each other, similar to that which exists betweiiu 
different elements. .If the oxygen in the oxide of silver be represented as electro- 
vegaiive oxygen (see &), as its relation to the metal would lead us to exjiect, and 
the second atom of oxygen in the peroxide of h)'drogen be represented as electro¬ 
positive oxygen, the mntual decomposition of the two compounds might be re];*re- 
sented by the equation, 

Ag-O + H.OO = Agj + 11,0 + OO. 

- + - + 

This would support the conclusion nirivcd at hy the train of reasoning 
at page 36, that the molecule or ultimate particle of free oxygen is really 
composed of two atoms. 

40. OzoxE,—This is the name given to a modified fonn of oxj’gcn, of the true 
' nature of which there is still some iloubt, a.s it ha.s never been obtained nninixed with 
ordinary oxygen, but it appears to be formed by the union of three atoms of oxygen 
(occupying three volumes^ to produce a molecule of ozone (occupying two volumes). 
I Just as peroxide of hydrogen (H,0,), maybe regarded as fonned by the combination of 
? a molecule of water (H.O) with an atom of oxygen, so ozone may bo viewed as a 
I combination of a raoleculo of oxygen (Oj) with an atom of oxygen. It would then be, 
« half as heavy again as ordiuar)' oxygetT, and experiment has shown that its rate of 
diffusion is in accordance with this view. 

It derives its name from its peculiar odour to smeU"). Oxygen appears to be 
capable of assuming this ozwwwf/condition under various circumstances, the principal 
of which are, the passage of silent electric discharges,+ and the contact with sub¬ 
stances (such as phosphorus) undergoing slow oxidation in the presence of water. 
A minute proportion of the oxygen obtained in the decomposition of water by 
the galvanic current also exists in the ozonised condition, as may be {icrceived by its 
odour. 

The use of Siemens’ induction tulie (fig. 48) affords the readiest melhoil of demon¬ 
strating the characteristic properties of ozone. This apparatus consists of a tube (A) 

coated internally with tin¬ 
foil (or silvered on the in¬ 
side), and surrounded with 
another tube (B), which is 
coated with tin-foil on the 
outside. When the inner 
and outer coatings are 
placed in connexion with 
the wires of an induction 
coil by metms of the screws 
(CD), and a stream of air 
or oxygen is passed through 
(E) between the two tubes. 
Fig. 48.—Tube for ozonising air by inductioia a strong odour is perceived 

• at the orifice (F). 

One of the best chemical tests for ozone is a damp mixture of starch with iodide 

* Buch inexplicable changes as this are sometimes included under the general denomtaa- 
tion of cutoiyMtt or decziniporition by contact, 
t It is ^e odour of ozone whiclt is perceived in working an ordinary electrical machine. 
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of potaBsiam. 100 grains of starch are well mixed in a mortar with a measured 
ounce of cold water, and the mixture is slowly poured into five ounces of boiling 
wrter in a porcelain dish, with occasional stirring. The thin starch>paste thus 
obttdned is allowed to cool, and a few drops of aolutmn of pure iodide of potassium 
are added, the mixture ^ing well stirred with a glass rod. If this mixture be 
bnuhed over strips of white cartridge paper, these will remain unchanged in 
ordinary air; but when they are exposed to ozonised air (such as that which has 
passed through the induction tube), they will immediately assume a blue colour. 
The ozonised oxygen being more active, or endowed with more powerful chemical 
attractions than ordinary oxygen, abstracts the potassium from the iodide of 
^totossium (El), and sets free the iodine, which has the specific property of imparl¬ 
ing a bine colour to starch. The intensity of the blue tint is proportfpnate to the 
q uanti ty of iodine liberate, a^'themfore to that of the ozonised "oxy^h" pie- 
sentrwmUrence, by reference to a standard scale of colours previously agrera upon, 
the ozone nmy be expressed in degrees. The result, however, is affected by so many 
trifling circumstances, that it is donhthil w]|}pther snob determinations of the quantify 
of ozone are to be considered trustworthy. If the ozonised air issuing from F be 
pt^d into a solution of indigo (mlpJdndigoHc acid largely dilated) the blue colour 
will soon disappear, since the ozone oxidises the indigo, and gives rise to products 
which, in a diluted state, are nearly colourless. Otdiunr}'^ oxygen is incapable of 
bleaching indigo in this manner. If the ozone is passed through a tube of vul¬ 
canised caoutchouc, this will soon be perforated by the corrosive effect of the ozone, 
whilst ordinary oxygen would be without effect upon it. 

If the ozone from F be made to pass slowly through a glass tu^ heat^^iifthe 
centre by a spirit-lamp, it ivill be found to lose its power of affecting the iodised 
starch-paper, the ozone having been reconverted into ordinary oxygen under the 
influence of heat. A temperature of 300° F. is sufficient to enect this change. It 
has been observed that a given volume of ox^-gen diminishes when a portion of it is 
converted into ozone by the silent electric discharge, and that it regams its original 
volume when the ozone is reconverted by heat, proving that the ozonised form of 
o.xygen is denser, or occupies less sjmee than the ordinary form. 

When a ineasnred volume of pure oxygen was ozonise^l by the silent electric dis¬ 
charge until its volume had decreased by one-twelfth, and the ozone thus formed was 
absorbed by turjicntine, it was found that two volumes of ozone had been pro¬ 
duced from three volumes of oxygen. 

On shaking the ozonised oxygen with mercury, the latter became partly converted 
into oxide, and the ozone disappeared, but there was no alteration in the volume of 
the oxygen, for (2 vols. ozone) OjO -t Ilgj = HgjiO + i\, (2 vols.). Ozonised oxygen 
is deozonised when |)assed through a tube filled with biiioxido of manganese, which 
also decomposes pero.xide of hydrogen. 

By placing a freshly-scraped stick of phosphoms (scra]»cd under water to avoid 
inflammation) at the bottom of a quart bottle, with enough water to cover half of it, 
and loosely covering the bottle with a glass plate, enough ozone niay he uccumu- 
luted in a few minutes to be readily mcognised by the oiloiir ami the iodised starch. 

The water at the bottom of the l>ottle is found to contain, besides the phos- 

I iborous acid formed by the slow oxitiation of the plio-sphorus, some peroxide of 
lydrogen, whence it has been supposed that the fommtiou of ozone is due to the 
<iecompo8ition of a molecule of oxygen into electro-negative oxy^im, which combines 
with another molecule of oxygen to form ozone, and electro-positive oxygen, which 
combines with a iRolecule of water to form peroxide of hydrogen. Tims, 

Oj + 00 + 11,0 = H..00 + 0,0. 

—K + “ 

This view is .snpiwrted by the circumstance, that peroxide of hydrogen appears 
to be produced in every case where ozone is formed in the presence of water. 

If a few drops of etlicr be poured into a quart beaker (fig. 49), taking care to 
avoid the vicinity of a flame, and pieces of iodised at»irch-paper and blue litmus 
jmner ho suspended upon a glass rod laid across the mouth of the lieaker, they 
ivill be found unulfected by the mixture, of ether vapour and air; hut if a hot glass 
rod be {ilmiged into the beaker, llie heated ether vapour will undeigo oxidation, 
producing acid vajioaTs, which redden the blue litmus, whilst the formation of 
ozone will be indicated by the blue iodised starch.* 

Ether and essential oils, sueli as turpentine, slowly absorb oxygen from the air, 

* The oxygen obtaiiied by the action of waim sulphuric acid on Idnoxide of barium 
^reeembleB ozone in its odour and action on tlie iodised starch-paper. 
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tlitia acquiring the property of bleaching indigo and of bloing the mixture of iodide 
of potassioin and ataren ; hence they were formerly believed to contain oaone, but 

they do not answer to all the tests for that anb' 
n stance. Thus, ozone imparts a blue colour to the 

• ;j|pw — resin of guaicunim, but the old turpentine or ether 

will not do so. If a little peroxide of hydrogen 
be dissolved in ether, it exhibits the same property 
I as the ether which has absorbed oxygen from the 

___ air, and it is, therefore, sometimes culled “ ozoiwc 

• I > ctlur." The solution of peroxide of hydrogen in 

ra ether (obtained by shaking the aqueous solution of 

H V the peroxide with ether) is employed by Br Day 

I I for the recognition of blood-stains. Contact with 

I H blood decomposes peroxide of hydrogen, and the 

ail I H oxygen which is liberated is capable of bluing 

guaiacum resin. Accordingly, if a blood-stain be 
moistened with tincture of guaiacum (a solution of 
the resin in spirit of wimO, and afterwards with 
pjj; 49 ^ the ethereal solution of iteroxide of hydrogen (ozonic 

ether), it acquires an intense blue colour, which may 
be detected, even on a coloured fabric, by pressing a xuece of white hlotting-xnaxier 


upon it. 

Ozone has attracted much notice, because a minute ytroportion of the oxygen in 
the atmosphere appears sometimes to he present in this form, and its active jtro- 
perties have naturally led to the belief that it must exercise some influence upon 
the sanitary condition of the air This idea is encouraged by the circumstance 
that no indications of ozone can be jierceived in crowded cities, where there are 
so many oxidi.snble substances to consume the active oxygen, whilst the air in the 
open country and at the sca-side does give evidence of its presence. Some chemists 
assert that their experiments have demonstrated the very inqiortaut fact that a {tortion 
of the oxygen develoiied by growing plants is in the ozonised form. 


ATMOSPHERIC AIR. 

50. Atmospheric air consists chiefly of a mixture of nitrogen with one- 
fifth, of its volume of oxygen, and very small proportions of carbonic 
acid and ammonia. Vapour of water is of course always present in the 
atmosphere in varying proportions. Since the atmo8j)hero is the recep¬ 
tacle for aU gaseous emanations, other substances may be discovered in 
it by very minute analysis, but in proportions too small to have any per¬ 
ceptible influence upon its properties. Thus marsh-gas or light carburetted 
hydrogen, sulphuretted hydrogen, and sulphurous acid, can often be 
traced in it, the two last especially in or near towns. 

Although the proportion of oxygen in the air ftt a given spot may be 
much diminished, and that of carbonic acid increased, by processes of 
oxidation (such as respiration and combustion) taking place there, the 
operation of wind and of diff usion so rapidly mixes the altered air with 
the immensely greater general mass of the atmosphere, that the variations 
in jibe composition of air in different places are voiy slight. Thus it has 
been found that the proportion of oxygen in the air in the cmitre of Man¬ 
chester was, at most, only 0*2 per cent, below the average. 

The proportions in which the oxygon and nitrogen are generally pre¬ 
sent in atmospheric air are— 



Vfltnmea 

Welahfi. 

Nitrogen, . . . . 

79-19 

76 - a » 

Oxygen, .... 

20-81 

23*01 


10000 

100-00 
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The propoition of aqueous vapour may be stated, on the average, as 1*4 
per cent, by volume, or 0*87 per cent, by weight oi the air. The carbonic 
acid may be generally estimated at 0*04 per cent, by volume, or 0*05 per 
cent, by weight of the air. 

The relative proportions of oxygen and nitrogen in air may be exhibited by sos’ 
pending a stick of phosphoma upon a wire stand (A, fig. 50) in a measured volume of 
air confined over water. The cylinder (B) should 
have been previously ^vided into five equal spaces 
by measiuing water Into i^ and marking each space 
by a thin line of Brunswick black. After a few 
hours, the phosphorus will have combined with the 
whole of the oxygen to form phosphorous acid, which 
is absorbed by the water, leaving four of the spaces 
occupied by nitrogen. 

The same result may be arrived at in a much 
shorter time by burning the phosphorus in the con¬ 
fined portion of air. 

A fragment of phosphorus, dried by careful pres¬ 
sure between blotting paper, is placed upon a con¬ 
venient stand (A, fig. 61) and covered with a tall 
jar, having an opening at the top for the insertion of 
a well-fitting stopper ^which should be greased with Fig. 50. 

a little lard), and divided into seven parts of equal 

capacity, 'fhe jar should be placed over the stand in such a manner that the water 
may occupy the two lowest spaces into which the jar is divided. The stopper of the 
jar is famished with a hook, to which a piece 
of brass chain (B) is attached, long enougn to 
touch the phosphorus when the stopper is 
inserted. Tne end of this chain is heated in 
the flame of a lamp, and the stopper tightly 
fixed in its place. On allowing the hot chain 
to touch the phosphorus, it bursts into vivid 
combustion, filling the jar with thick white 
fumes, and covering its sides, for a few moments, 
with white flakes of phosphoric acid. At the 
commencement of the experiment, the water in 
the jar will be depressed, in consequence of the 
expansion of the air, due to the heat produced 
in the burning of the phosphoms, but, pre¬ 
sently, when the combustion oegius to decline, 
the water again rises, and continues to do so 
until it has ascended to the line (C>, so as to 
occupy the place of one-fifth of the air employed 
in the experiment. The phosphorus wilt then have ceased to burn, the white flakes 
upon the sides of the jar will nave acquired the appearance of drops of moisture, and 
the fumes will have gradually disappeared, until, in the course of half-an-hour, the 
air remaining in the jar will be as clear and transparent as before, the whole of the 
phosphoric acid having been absorbed by the water. The jar should now be sunk in 
water, so that the latter may attain to the same level without as within the jar. On 
removing the stopper, it will be found that the nitrogen in the jar will no longer 
support the combustion of a tajier. 

In the rigidly accurate determination of the relative proportions of oxygen and 
nitrogen in the air, it is, of course, necessanr to giiaid against any error arising from 
the presence of the water, carbonic acid, and ammonia. With this view, Dumas and 
Bonssingault, to whom we are chiefly indebted for our exact knowledge of the com*' 
position of the air, caused it to pass through a scries of tubes (A, fig. 52) coutuning 
potash, in order to remove the caimnic acid, then through a second senes (B), containing 
sulphtmo add, to absorb the ommgnia and water; the purified dr then pas^ throt^n 
a glass tube <C) filled with bright copper heated to redness in a charcoal furnace, 
which remov^ the whole of the oxygen, and the nitrogen passed into thelaige^heill). 

Both the tube (containing the copper) and the ^ohe were carofrilly exhausted of 
air and accurately weighed before the experiment; on connecting the globa and the , 
tube with the purifying apparatus, and slowly opening the stop-cocks, Hie pressure 
^ of the extenud air caused it to flow through the series or tubes into the globeo^tined 
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to xoceive the nHrc^en, When a considerable qaantity of air had passed in, the stop* 
eot^ were again dosed, and, after cooling, the weight of the globe was accnrately 
determined. The difference between this weight and that of the empty f^obe bdbre 
the experiment, gave tlie weight of the nitrogen which had entered the globe, but 
this did not represent the whole of the nitrogen contained in the analysed air, for the 



Fig. 52. -Exact auulysis of air. 


tube containing the copper had, of course, remained full of nitrogen at the dose of 
the experiment. This tube having been weighed, was attached to the air-pump, the 
nitrogen exhausted from it, and the tube again weighed ; the diifercuce between the 
two weighings furnished the weight of the nitrogen remaining in the tulw, and was 
added to the weight of that received in the globe. The oxyj^n was represented by 
the increase in the weight of the exhausted tube coutaiuiug the copper, which was 
partially converted into oxide of copper, by combining with the oxygen of the air 
passed tlirongh it. 

The calculation of the result of the analysis is here exemplitied:— 


WeiKlrt of 

Globe (N) with nitrogen (at the conclusion), . 
Exhausted globe (at the commencement). 

Grains 

. 3076 
. 8000 


Nitrogen received into the globe. 

76 


Tube (C) with residual nitrogen (at the conclusion). 
Exhausted tube (at the conclusion). 

. 2574 
. 2673 


Nitrogen remaining in the tube, 

AM nitrogen received into the globe, 

1 

76 


Total nitrogen in the air analysed. 

77 


Exhausted tube (C) with oxidised copper (at the conclusion), 

„ „ metallic copper (at the commencement). 

2573 

2550 

Oxygen in the air analysed, 

. 

23 


The ratio of the nitrogen to the oxygen, therefore, is that of 23 N : 77 U, or 1 N : 

8’347 O. 100 parts by weight of the air purified from 
water, carbonic acid, and ammonia, contain 77 parts of 
nitrogen and 28 parts of oxygen. 

61. Tho nitrogen remaining after the removal 
of the oxygen from air in the above experiments 
was so called on account of its presence in nitre 
(saltpetre KNOg). In physical properties it re¬ 
sembles oxygen, but is somewhat lighter than 
that gas, its specific gravity being 0‘9713. 

This difference in the specific gravities of the two gases 
Ls well exhibited by the arrangement shown in fig. 
53. A jar of oxygen (0) is closed with a glass plate, and 
placed upon the table. A jar of nitrogen (N), also closed 
with a glass plate, is .placed over it, so that the two 
gases may come in contact when the-glass plates are 
removed. The nitrogen _ will float for some seconds 
above the oxygen, and if a lighted taper be quickly 
introdiiced'tbrough the neck of the upper jar, it will be 
extinmiished in passing through the nitrogen, and will 
be rekindled brulkntly when it reaches the oxygen in 
the lower jar. 
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It tn^t at first^ sight appear surprising that oxyg^ and nitrogen, 
though of different specific graviries, should exist in uniform proportioiis 
in all parts of the atmosphere, unless in a state of chemical combination ; 
but an acquaintance with the property of diffusion (see 13) possessed by 
gases teaches us that gmes will mix leitk each other in opposition to gravi¬ 
tation, and when mixed will always remain so. 

It was shown by Graham that a partial separation of the nitrogen and oxygen in 
air may be effected on’ the same jirinciple as that of hydromn and oxygen at page 
18, by taking advantage of the difference in their rates of diffusion. He devised, 
however, a more convenient process, founded ui)on the dtalyiie passage of the gases 
through caoutchouc, which he ascribed to the absolution of the gas by the solid 
material upon one side, and its escape on the other. 

A bag (a, fig, 54) is made of a fabric composed of a layer of caoutchouc between 
two layers of silk, snob as that employed for waterproof garments ; a piece of carpet 
is placed inside tlie bog to keep the si«les apart, 
ana the edges of the bag are made perfectly air¬ 
tight with solution of caoutchouc. To main¬ 
tain a vacuum within the bag, it is supitorted 
by the rod v, and attached to SirrmgeVs air- 
2 )ump, in which a stream of mercury, allowed 
to flow from a funnel {/) down a tul»e {c) six 
feet long, draws the air out of tho bag, through 
a lateral tube (h), until all the air is exhausted, 
which is indicated by tho Isirometer tube h, the 
lower end of wbieh di|)s into a cistern of mer 
cury. When the, mercury in this tube stands 
at almost exactly the same height as the stan¬ 
dard barometer, the exhaustion is complete. 

If a test-tube (d) filled with mercury l»e now 
inverted over the end of the long tube c, which 
is bent upwanls for that puriK)se,.the bubbles 
of air whidi are drawn through the sides of the 
vacnous bag, and carried down the long tube 
by tho little pistons of liquid mercury as they 
fall, will pass up into the te.Nt-tube; when tin; 
latter is filled with the gas, its mouth is closet! 
w'ith the thumb, witlidrawu from the mercury, 
and a match with a siuirk at the eiul inserted, 
when the spark will burst out into llaine, 
showing that the specimen of air collected is 
much richer in oxygen than ordinary atmo¬ 
spheric air. The overflow tube g delivei's 
the mercury which is to bo returned to the 
funnel/. 

The dialytic passage of oxygen through 
caoutchouc into a vacuum is tmoe us rtt]>id ns 
that of nitrogen, so that the air collected in the 54 . _ Spi-euKel’s pump, 

tube contains twice as much oxygen as the Dialysis of air. 

external air. 

This dialytic imssage of gases through solids is quite unconnected with the. diffusi- 
bility of the gases, and apjiears to depend rather upon the chemical nature of the 
gas auid of the solid. It Is thus connected with the oadusion of gases by solids, 
exemplified in the* cose of palladium and hydrogen at page SS. It is in consequence 
of this dialytio passage that tubes of iron or nlatinum, which are quite impermeable 
by hydrogen at the ordinary temperature, will allow it to pass rapidly through their 
walls at high temiieratures, 

Tliat air is simply a mocliauical mi&turo of its compouent gases is amply 
proved by the circumstance tliat it possesses all the properties wMch 
would be predicted for a mixture of these gases in such proportions; 
whilst the essential feature of a chemical comjjouud is, that its properties 
cannot be forosoeii from those of its constituents. 
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31ie absenise of active chemical propmMes is a Vjgry striking feature 
of nitrogen, and admirably adapts it for its fanotiou of diluting the 
oxymn in the atmosphere. 

The chemical relations of air to animals and plants will be more appro¬ 
priately discussed herestfter. (See Carbonic Add, Ammonia.) 

, CAEBOlf. 

C =■ 12 parts by weight.* 

52. This element is especially remarkable for its uniform presence in 
organic substances. The ordinary laboratory test by which the chemist 
decides whether a substance under examination is of organic origin, con¬ 
sists in heating it with limited access of air, and observing whether any 
blackening from separation of c^on (carbonisation) ensues. \/ 

Few elements are capable of assuming so many different aspects as 
carbon. It is met with transparent and colourless in the diamond, opaque, 
black, and quasi-metallic in graphite or black lead, velvety and porous in 
wood-c/iarcoaZ, and under new conditions in anthracite, colte, and gas- 
carbon. 

In nature, free carbon may be said to occur in the forms of diamond, 
graphite, and antliracite (the other varieties of coal containing considerable 
proportions of other elements). 

Apart from its great beauty and rarity, the diamond possesses a special 
interest in chemical eyes, from its having perplexed philosophers up to 
the middle of the last century, notwithstanding the simplicity of the ex¬ 
periments required to demonstrate its true nature. The first inkling of it 
appears to have been obtained by Hewton, when he perceived its great 
power of refracting light, and thence inferred that, hko other bodies 
possessing that property in a high degree, it would prove to be com¬ 
bustible (“ an unctuous substance coagulated "). When this prediction 
was verified, the burning of diamonds was exhibited as a marvellous 
experiment, but no accurate observations appear to have been made till 
1772, when Lavoisier ascertained, by burning diamonds suspended in the 
focus of a burning-glass, in a confined portion of oxygen, that they were 
entirely converted into carbonic acid gas. In more recent times this 
experiment has been repeated with the utmost precaution, and the 
di^ond has been clearly demonstrated to consist of carbon in a crystal¬ 
lised state. » 

A still more important result of this experiment was the exact detemiination of 
the composition or carbonic acid, wit^ut which it would not be possible to ascertain 
exactly the proportion of carbon in any of its uumerons componnos, since it is always 
weighed in that form. 

most accurate experiments upon the synthesis of carbonic add have been con¬ 
ducted with the arrangement represented in fig. 55. 

Within the procelain tube A, which is heated to redness in a charcoal fire, was 
placed a little ^tinnm tray, accnrately weighed, and containing a weighed qnantily 
of fragments oi diamond. One end of the tube was connected wilh a gas-holder B, 
contaming oxygen which was thoroughly purified by passing through the tube C, 
containing potaih (to absorb any carbonic and andchlonne which it might contain), 
and dried by passing over pumice soaked vrith concentrated Bnljdtnric add in D and 
£. To the other end of the porcelain tnl^ A, there was attadied H dass tnhe F, 
also heated in a furnace, and containing oxide of copper, to conred mto carbonic 

* The volume occupied by carbon in the form of vapour ii not known, its vapour never 
fhaving been obtained ui a measurable form. 
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acid any cat1)onic oxidji vMch mii^t have been fanned in the eombnstion of the 
diamond. The carbonic acid was then paased over |mmice soahed with anlphiMc 
acid in Qf to remove any traces of moisture, and aftenrards into a wmghid bulb* 
apparatus H, containing solution of potash, and two weighed tubes 1, K, containing. 




Fig. 65.—Exact synthesis of carbonic acid. 

respectively, solid hydrate of potash, and sulphuric acid on pumice, to guard against 
the c8ca|)e of aqueous vapour taken up by the excess of oxygen in its passage 
througli the bulbs H. The increase of weight in H, I, K, represented the carbonic 
acid formed in the comhustion of an amount of diamond indicated by the loss of 
weight Buifered by the platinum tray, and the difference between the diamond con¬ 
sumed and tile carbonic acid formed would express the amount of oxygen which had 
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combined wi^ tiie carbon. A large number of experiments conducted in this manner, 
both with diamond and graphite, showed that 12 parts of carbon furnished 4i parts 
of carbonic acid, and consumed, therefore, 82 puts of oxygen. 

The ordinary mode of exhibiting the comhustion of tue diamond on the lecture 
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table, c<m8i8ts in suapeuding it within a double loop cd' pkthnun wire attaehed to an 
iron wire passing through a defla^ting-collar, and heating it in a jot of o:grgen 
sent through a gas or spirit flame (fig. 56). As soon os it has attained a white heat, 
the diamond is plunged into a globe of oxygen, and after burning for a few seconds, 
^ is withdrawn, and a little lime-water is shaken in the globe to produce the milky 
deposit of carbonate of lime. It not onfreqnently happens that the blowpipe flame 
fuses the platinum wire, and the diamond drops out beirore it can be immers^ in the 
oxygen. A more convenient arrangement is shown in flg. 57. 
The diamond is supported in a short helix of }i1atinum wire A, 
which is attached to the copper wires B B, passing through the 
cork C, and connected vdth the terminal wires of a Grove’s 
battery of five or six cells. The globe having been lille<i with 
ox}’geii by passing the gas down into it till a match indicates 
that the excess of oxygen is streaming out of the globe, the cork 
is inserted, and the wires connected with the battery. When the 
heat developed in the platinum coil, by the passage of the 
current, has raised the diamond to a fuU rm heat, the conncxlou 
with the battery may be inten*apted, and the diamond will con¬ 
tinue to burn with steady and intense brilliancy. 



Fig. 57. 


To an observer unacquainted with the satisfactory nature of this de¬ 
monstration, it would appear incredible that the transparent diamond, so 
resplendent as to have been reputed to emit light, should be identical in 
its chemical composition with grapliite {idnmhaijo or black had) from 
which, in external appearance, it difl’ers so widely. For this difference is 
not confined to their colour; in crystalline form they are not in the least 
alike, the diamond occurring generally in oiitahodral cryst als, while gra¬ 
phite is founcTeither in amor^diom masseT(that is, Slaving no delinitc 
crystalline form), or in six-sided plates which are not geometrically allied 
with the form assumed by the diamond. Carbon, therefore, is dimorphous, 
or occurs in two distinct crystalline forms. Even in weight, diamond and 
graphite are very dissimilar, the former having an average specitic gi'avity 
of 3*5, and the latter, of 2*3. Again, a crystal of diamond is the hardest 
:»f all substances, whence it is used for cutting and for writing upon glass, 
but a mass of graphite is soft and easily cut with a knife. The diamond 
is a non-conductor of electricity, but the conducting power of graphite 
renders it useful in the electrotype process. 

. Diamonds are chiefly obtained from Golconda, Borneo, and the Brazils. 
They usually occur in sandstone rock or in mica slate. The hanluess of 
the diamond renders it necessary to employ diamond-dust for the purpose 
jf cutting and polishing it, which is effected with the aid of a revolving 
lisk of steel, to the surface of which the diamond-dust is applied in the 
form of a paste made with oil. The crystal in its natural state is best 
Htted for the purjjose of the glazier, for its edges are usually somewliat 
curved, and the angle formed by these cuts the glass deeply, while the 
ingle formed by straight edges, like those of an ordinary jeweller's dia¬ 
mond, is only adapted for scratching or writing upon glass. Drills with 
iiamond points have been employed in tunnelling tlnough hard rocks, 
rhe diamond-dust used for polishing, &c., is obtained from a dark amor¬ 
phous diamond found at Bahia in the Brazils; 1000 ounces annually are 
said to have been occasionally obtained from this source. When burnt, 
the diamond always leaves a minute pre^ortion of ash of a yellowish 
colour in which silica and oxide of iron have been detected, A genuine 
diamond may be known by its combining the three qualities of extreme 
hardness , enabling it to ftATat/».b high specific gravity 

Altnough the rliamond, when presenr’Cdfroin cdhtact with the air, may 
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be heated rery strongly in- a furnace, without (Offering any change, it is 
not proof against the intense heat of the discharge taMng pbce between 
two carbon points attached to the terminal wires of a powerful galvanic 
battery. If the experiment be performed in a vessel exhausted of air, the. 
diamond becomes converted into a black coke-like mass which closely re¬ 
sembles graphite in its properties. 

Graphite always leaves more ash than the diamond, consisting chiefly 
of the oxides of iron and manganese, with particles of quartz, and some¬ 
times titanic acid. The purest specimens are those of compact amor¬ 
phous graphite from Borrowdale in Cumberland; an inferior variety, im¬ 
ported from Ceylon, is crystalline, being composed of hexagonal plates. 
Graphite is obtained artificially in the manufacture of cast iron: in somdt 
cases, a portion of the carbon of the cast iron separates in cooling, m the I 
form of crystalline scales of graphite, technically called Idsh . In the] 
grey variety of cast iron these scales of graphite are diffusecTthrongh the 
mass of the metal, and are left undissolved when the iron is dissolved by 
an acid. 

Graphite is far more useful than the diamond, for, in addition to its 
application in black lead pencils, aud for covering the surface of iron in 
orde r to ]>rotect it from rust , it is largely employed, in admixture mth 
clay,' S>r the labrication ol tlie black lead crucibles or him poU, as they 
iire commonly called, which are so valuable to the metallui^ist, for their 
power of resisting high t em peratures . Graphite is also sometimes em¬ 
ployed for lu imcating, to dimmish friction in maeliinery, and for facing 
f»r imparting a fine glazed surface to gunpowder. 

(Anthracite and the other varieties of coal will be described in a sepa¬ 
rate section.) V ' 

• ■# ^ 

53. Sevcrsil varieties of carbdp, obtained by artificial processes, are 

employed in the arts. I'he most imj»ortant of these are lamp black, wood 
charcoal and miimnl charcoal. 

Lamp black approaches more nearly in com])ositi6n to pure carbon than 
either of the others, and is the soot obtained from the i mperfect combus - 
tiqn of re sinous a ud ta rry m eters (or of highly bitumihouT c^l), ftom 
w'hich source^ it aerives theiniSll quantities of resin, of nitrogen, and sul- 
pliur which it contains. The uses of this substance, as an ingredient of 
pigments, of pri nting ink , and of bl^gjpng, depend evidently more upon 
its bla5c colour ttan upon its chemical properties. 

Wood charcoal presents more features which arrest the attention of the 
chemist, as well on account of its specific properties, as of the influence 
exercised by the method adopted for obtaining it, upon its fitness for the 
pai'ticular purpose which it may be destined to serve. 

If a piece of wood be heated in an ordinary fire, it is speedily com 
Burned, wit h the exce ption of a ^rev ash j consisting of the incombustible 
mineral substances wUch it conwned; n the experiment were performed 
in such a manner that the products of combustion of the wood could be 
collected, these would be found to consist of carbonic acid and water; 
woody fibre is composed of ^carbon, hydrogen, and oxygen (C^,oOj), 
and when it is bjttnt, the oxygen, in conjunction with more oxygen de¬ 
rived from the air, converts &e carbon and hydrogen into carbonic acid 
and water. But I f tba^wnotl b eTieated in a tdsj^ ^ ibe. cloijed at one end, 
it will be found im pp^ p p^Ip to r qdttgg '^Tas liefoK^Tto au a wa^ ^XmasB bf 
charcoal will remain, havingISetatne form as that of th!e piece of w&od; 
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in this case, the oxygen of the air not having been allowed &ee access to 
the wood, no true combustion has taken place, but the wood has under¬ 
gone deetmcUve distillatim, that is, its elements have arranged them¬ 
selves, under the influence of the high temperature, into different forms 
of combination, for the most part simpler in their chemical composition than 
the wood itself, and capable, unlike the wood, of enduring that temperature 
without decomposition; thus, it is merely an exchange of an unstable for 
^stable equilibrium of the particles of matter composing the wood. 

1 (Dbp .—Destructive distillation is the resolution of a complex substance 
into simpler forms under the influence of heat, out of contact with air.) 

The vapours issuing from the mouth' of the tube will be found acid 
to blue litmus paper; they have a peculiar odour, and readily take Are 
on contact with flame. These will bo more particularly noticed here¬ 
after, as tW contain some very useful substances. The charcoal which 
is left is nflf pure carbon, but contains considerable quantities of oxygen 
and hydrogen, with a little nitrogen, and the mineral matter or ash of 
the wood. 

When the charcoal is to be used for fuel, it is generally prepared by 
a process in which the heat developed by the combustion of a portion 
of the wood is made to effect the charring of tlie rest. With this view 
the billets of wood are built up into a heap (fig. 58) around stakes driven 

into the ground, a passage 
being left so that the heap 
may be kindled in the centre. 
This mound of wood, which 
is generally from 30 to 40 feet 
A ^ in diameter, is cljigal^LCOiered 

V 1^ t urf and san d, except for 

a few inches around the base, 
where it is left uncovered to 
give vent to the vapour of 
water expelled from the wood 
in the first stage of the prn cpRs. 

( When the heap has been kindled in the centre, tlie passage !(^t for this 
purpose is carefully closed up /After the combustion has proceeded for 

some time, and it is judged that 
the wood is perfectly dried, the 
open space at the base is also 
closed, -and the heap left to 
smo plder for t hree or four week s, 
when the wood is perfectly car¬ 
bonised. 

Upon an average, 22 parts of 
charcoal are obtained by this pro¬ 
cess from 100 of wood. 

A far more economical process 
for preparing charcoal from wood 
consists in Wting it in an iron 
case or slip (F, flg, 59) placed in 
^an iron retort A, from which the 
gases and vapours are conducted 



Fig. 68.—Charcoal licap. 



Fig. 69.—Charcoal retort. 


by the pipe L into the furnace B, where they are consumed. 
t)n the small scale, riie operation may be conducted in a 
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retort, as shown in fig. 60, where the w^tear, tar, and naphtha are 
deposited in the globular receiver, and the inflanmiable gases are collected 
over water. 


The infusibility of the charcoal left by wood accounts for its 
very great porosity,, upon which some of its most remarkable and 
useful properties depend. The application of chucoal for the purpose 
of “sweetening” fish and other food in a state of incipient putre* 
faction has long been practised, and more recently charcoal h|^ 
been employed for deodorising all kinds of putrefying and offensive 
animal or vegetable matter. This property of charcoal depends upon 
its power of absorbing into its pores very considerable quantities of 
the gases, especially of those which are easily absorbed by water. Thus, 
one cubic inch of charcoal is capable of absorbing about 100 cubic 
inches of ammonia gas and 50 cubic inches "of sulphuretted hydrogen, 
both which are conspicuous among the offensive results of putrefac¬ 
tion. This condensation of gases by charcoal is a mechanical effect, and 


does not involve a chemical 

combination of the charcoal | 1 

with the gas; it is exhibited ^ | 

most powerfully by char- ^ | jJL 4|V 

coal which has been re- fM i ^IB [■ 

cently heated to redness in | ® |l 

a closed vessel, and cooled V 

out of contact with air by 

plunging it under mercury. ag;; 

EventMUy tho offensivo —* 

gas« absorbed by tho char- Pig. 60.-Di«auuo. of wood, 

coal are chemically acted on 

by the oxygen of tne air in it.s pores. A cubic inch of wood charcoal absorbs 
nearly 10 cubic inches of oxygen, and when the charcoal containing the gaa 
thus condensed is presented to another gas which is capable of undergoing 
oxidation, this latter gas is oxidised and converted into inodorous pro¬ 
ducts. Thus, if charcoal be exposed to the action of air containing sul¬ 
phuretted hydrogen gas, it condenses within its porc3 both this gas and 


Fig. 60.—Distillation of wood. 



Pig. 61. * Fig. 62. 


the atmospheric oxygen, which then converts the hydrogen into water 
(H,0) and the sulphur into sulphuric acid (SO,). 

The great porosity of wood charcoal is strikingly exhibited by attaching a piece of 
lead to a stick of charcoal (6g. 61), so as to sink it in a cyliudN of water, which is 
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then placed under the receiver of the air-pump. On exhaustiue the air, innuinerahle 
bubb^ will start from the pores of the charcoal, causing briw effervescence. If a 
glass* tnbe 16 or 18 inches long be thoroughly filled wi^ ammonia ^ (fig. 62), sup¬ 
ported in a trough containing mercury, and a small stick of recently calcined char¬ 
coal introduced through the mercury into the tube, the charcoal will absorb the 
ammonia so rapidly that the mercury will soon be forc,ad up and' fill the tube, 
carrying the charcoal up with it. On removing the charcoal, and placing it upon 
the hand, a sensation of cold will be perceived nom the rapid escape of ammonia, 
perceptible by its odour. 

cBy exposing a fragment of recently calcined wood-charcoal under a jar filled with 
hydrosnlphunc acid gas for a few minutes, so that it may become saturated with 
the gas, and then covering it with a jar of oxygen, the latter gas will act upon 
the former with such energy that the charcoal will burst into vivid combustion. 
The jar must not be clo.sed air-tight at the bottom, or the sudden expansion may 
burst it. Charcoal in powder exposed in a })orcelain crucible may also be em¬ 
ployed in the same waj*. It should be pretty strongly heated in the covered cru¬ 
cible, and allowed to become nearly cool before being exposed to the hydrosulphuric 
acid. 

Charcoal prepared from hard woods absorbs the largest volume of gas. Thus 
logwood charcoal has been found to absorb 111 times its volume of ammoniacal 
gas. Charcoal made from the shell of the cocoa-nut is even more absorbent, 
although its pores are quite invisible, and its fracture exhibits a semi-metallic lustre. 

As the gases which are evolved in putrefaction are of a poisonous cha¬ 
racter, the power of wood charcoal to remove them acquires great practical 
importance, and is applied in very many cases; the charcoal in coarse 
powder is thickly strewn over matters from which the efiluvium proceeds, 
or is exposed in shallow trays to the air to he sweetened, a.s in the ward.s 
of hospitals, &c. It has oven been placed in a flat box of wire gauze to 
be fixed as a ventilator before a window through which the contaminated 
air might have access, and respirators constructed on the same principle 
have been found to afford protection against poisonous gases and vapours. 
The ventilating openings of sewers in the streets are also fitted with 
cases containing charcoal for the same purpose. Water is often filtered 
through charcoal in order to free it from the noxious and putrescent 
organic matters which it sometimes contains. For all such uses the char- 
cod should have been recently heated to redness in a covered vessfd in 

order to expel the moisture wliich it at¬ 
tracts when exposed to the air; and tlie 
charcoal whicli has lost its power of absorp¬ 
tion will he found to regain it in great 
measure when heated to redness. 

This power of ah.sorption which char¬ 
coal possesses is not confined to gases, 
for many liquid and solid substances 
are capable of being removed by that 
agent from their solution in water. This 
is ’most readily traced in the case of 
substances which impart a colour to the 
solution, such colour being often removed 
by the charcoal; if port wine or infusion of 
logwood be shaken with powdered charcoal 
(especially if tlie latter has been recently 
Fig. 63.—Filtration. heated to fedness in a closed crucible), the 

liquid, when filtered through blotting 
paper (fig. 63), will be found to have lost its colour; the colouring mat¬ 
ter, however, seems merely to have adhered to the charcoal, for it may 
be extracted from the latter by treatment with a weak alkaline liquid. 
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The deGolorwing power of wood charcoal is very feeble in comparison 
with that possess^ by b<me^Vx<Jc or animal charcoal, which is 
obtained by heatix^ bones in vessels from which the air is > ex¬ 
cluded. Bones are composed of about one-third of animal and two- 
thirds of mineral substances, the latter itmluding phosphate of lime, 
which amounts to more than half the weight of the bone, and a little 
carbonate of lime. When bone is heated, as in a retort, so that air is 
not allowed to have free access to it, the animal matter undergoes 
destructive distillation, its elements—carbon, hydrogen, nitrogen, and 
oxygen—assuming other forms, the greater part of the three last elements, 
together with a portion of the carbon, escaping in different gaseous and 
vaporous products, while a considerable proportion of the car^n remains 
behind, intimately mixed with the earthy ingredients of the bone, and 
constituting the substance known as animal charcoal The great differ¬ 
ence between the products of the destructive distillation of ^ne and of 
wood deserves a passing notice. If a fragment of bone or a shaving of 
horn bo heated in a glass tube closed at one end, the vapours which are 
evolved will be found strongly nlhaline to test-papers, while those fur¬ 
nished by the wood were acid ; this difference is to be ascribed mainly 
to the presence of nitrogen in the bon e, woo d being ne^lv free fro m thati 
element; it will bo found toTiold ^<1 as a general rule, that the results 1 
of the destructive distillation of animal and vegetable matters containing 
much nitrogen are alkaline, from the presence of ammonia (NHlj) and 
similar compounds, while those furnished by non-nitrogcnised substances 
possess acid characters : the peculiar odour which is emitted by the heated 
bone is characteristic, and affords us a test by which to distinguish 
roughly between nitrogcnised and non-nitrogenised bodies. 

An examination of the charred mass remaining as the ultimate result 
of the action of heat upon bone, shows it to contain much less carbon 
than that furnished by wood, for the Ix mo-charc oal contains nearly njfie- < 
tenths of its weight of p hosph ate (witlTallttie carbonate) o^Jime; the ' 
consequence of the presence of ^o largo an amount of earthy matter must ' 
be to extend the particles of carbon over a larger space, and thus to ex- ^ 
pose a gi’eater surface for the adhesion of colouring matters, &c. This 
may partly help to explain the very great superiority of bone-black to / 
wood charcoal as a decolorising agent, and the explanation derives support 
from the circumstance, that when animal charcoal is deprived of its earthy 
matter, for chemical uses, by washing with hydrochloric acid, its decolor¬ 
ising power is very considerably reduced. The application of this variety 
of charcoal is not confined to the chemical laboratory, but extends to 
manufactxiring processes. The sugar-refiner decolorises his syrup by filter¬ 
ing it through a layer of animal charcoal, and the distiller employs char¬ 
coal to remove the cmpyreumatic oils with which distilled spirits are 
frequently contaminated. 

Carbon is remarkable, among elementary bodies, for its indisposition to 
enter directly into combination with the other elements, whence it follows 
that most of the compounds of carbon have to be obtained by indirect 
processes. This element appeajs, indeed, to be incapable of uniting m thf 
any other at the ordinary temperature, and tlngrcfrcu mStaSw m o cc^^ 
ally turne d to usefril acedttht^ ftS when the ends of wooden stakes 
charred bftfnrfl^ riug plunged into the earth, when the action of tl^l 
atmospheric oxygen, which, in the presence of moisture, would be voiy ^ 
active in effecting the decay of the wood, is resisted by the drareoal ii^; i 
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'wMcb. the external layer has been converted. The employment of black 
lead to protect metallic surfaces j&rom mst is anotW application of 
the .same principle. At a high temperature, however, carbon combines 
readily with oxygen, sulphur, and with some of the metals, and at a 
very high temperature, even with hydrogen. The tendency of carbon to 
combine with oxygen tmder the influence of heat, is shown when a piece 
of charcoal is strongly heated at one point, when the carbon at this point 
At once combines with the oxygen of the surroimding air (forming car¬ 
bonic acid), and the heat developed by this combustion raises the neigh¬ 
bouring particles of carbon to the temperature at which the element unites 
with oxygen, and thus the combustion is gradually propagated throughout 
the mass, wMch is ultimately converted ontimly into carbonic acid gas, 
nothing remaining but the white ash, composed of the mineral substances 
derived from the, wood employed for preparing the charcoal. It is worthy 
of remark, that if charcoal had been a better conductor of heaf^ it would 
not have been so easily kindled, since the heat applied to any point of 
the THAfifl would have been rapidly diffused over its whole bulk, and tliis 
point could not have attained the high temperature requisite for its 
ignition, until the whole mass had been heated nearly to the same degree; 
this is actually found to be the case in charcoal which has been very 
strongly heated (out of contact %vith air), when its conducting power is 
greatly improved, and it kindles with very great difficulty. The cokfHfie 
value of carbon is represented by the number 8080, that is, 1 gr. of car¬ 
bon, when burnt so as to form carbonic acid, is caj)ablc of raising 8080 
grs. of water from 0° C. to 1“ C. 

I A given weight of charcoal will produce twice as much available heat 
las an equal weight of wood, since the former contains more actual fuel 
*and less oxygen, and much of the hoaLevolved b y the wood lis absorbed 
or rendered latent in the steam and other vapburs^ucn are produced by 
the action of heat upon it. (The attraijtion possessed by carj^n f or oxy gen 
at a high temperature is turned to account in metallurgic o]^airons, when 
coal and charcoal are employed for extracting the metals from their com¬ 
pounds with oxygen.* ) 

The unchangeable solidity of carbon is another remarkable feature. It 
is stated that some approach has been made, at extremely high tcjmpera- 
tures, to the fusion and vaporisation of carbon, but it cannot be said to 
have been fairly establislied that this element is able to exist in any other 
than the solid form. Nor can any substance be found by the aid of 
which carbon may be brought into the liquid form by the proce.ss of 
solution, for although charcoal gi*adually disappears when boiled with 
sulphuric and nitric acids, it does not undergo a simple solution, but is 
converted, as will be seen hereafter, into carbonic acid. 


64. Coal. —^The various substances which are classed together under 
the name of coal are characterised by the presence of carbon as a largely 
predominant constituent, associated with smaller quan^ies of h ydro getij 
oxygen, nit roge n)" su lphu r, and certain mineral matters which compose the 
asETCoal 3^ars toTiave been formed Jsy a peculiar decomposition or 
fermentation of buried vegetable matter, resulting in the separation of a 
large proportion of its hydrogen in the form of marsh-gas (CHJ, and 


Easily reducible oudes, srich as oxide of lead, mve carbonic acid when heated with 


charcoal; 2rbO + C = j^b, + C6„ but oxides V^ioh are not easily redTcible.linch *aB 
oxide of zme, give earbonic oxi^; ZnO + C = CO + Zn. 
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Bimilar componndB, and of its oxy^ in the form of carbonic acid (CO,), 
the carbon accumulating in the residue. Thus, ceUnlose (C,Hj,0,), which 
cohstitutes the bulk of woody fibre, might be imaging to decompose 
according to the equation 2 C,H,oOg = 6 CH, + 6 CO, + C„ and the 
occurrence of marsh-gas, and of the petroleum hydrocarbons of similar 
composition, as well as of carbonic acid, in connection with deposits of 
coal, supports this account of its formation. Marsh-gas and carbonic 
acid ore the ordinary products of the fermentation of vegetable matter,« 
and a spontaneous carbonisation is often witnessed in the ^'heating” of 
damp hay. But just as the action of heat upon wood produces a charcoal 
Cv .staining small quantities of the other organic elements, so the carbon¬ 
ising process by which the plants have been transform^ into coal, has 
left behind some of the hydrogen, oxygen, and nitrogen; the last, as weU 
probably as a little of the sulphur, having been derived from the vegetable 
albumen and similar substances which are always present in plants. The 
chief part of the sulphur is generally present in the form of iron pyrites, 
derived from some extraneous source. The examination of a peatbog is 
very instructive with reference to the formation of coal, as affording ex¬ 
amples of vegetable matter in every stage of decomposition, from that in 
which the organised structure is still clearly visible, to the black carbon¬ 
aceous mass which only requires consolidation by pressure in order to 
resemble a true coal. 

The tlnec principal varieties of coal— lignite, hitnmimm coal, and an \ 
thradie —present us with the material in different stages of carbonisation;! 
the lignite, or brown coal, presenting indications of organised structure," 
and containing considerable proportions of hyd:^ogen and oxygen, while 
anthracite often contains little else than carbon and the mineral matter or 
ash. The following table shows the progressive diminution in the propor¬ 
tions of hydrogen and oxygon in the passage from wood to anthracite:— 


Wood, 


Carbon 

100 

Ilydrof'cii. 

12-18 

Oxypen 

83 07 

Peat, . 


100 

9-86 

55-67 

Lignite, 


100 

8-37 

42-42 

Bituminous coal. 


100 

6-12 

21-23 

Anthracite, . 


100 

2-84 

1-74 


The combustion of coal is a somewhat complex process, in consequence 
of the re-arrangement which its elements undergo when the coal is sub¬ 
jected to the action of heat. 

As soon as a flame is applied to kindle the coal, the heated portion 
undergoes destructive distillation, evolving various combustible gases and 
vapours, which take fire and convey the heat to remoter portions of the 
coal. Whilst the elements of the exterior portion of coal are undergoing 
combustion, the heat thus evolved is submitting the interior of the mass 
to destructive distillation, resulting in the production of various com¬ 
pounds of carbon and hydrogen. Some of these products, such as marsh- 
gas (CH 4 ) and olefiant gas bum without smoke; while others, 

like benzole (CgH„) and naphtlialine (C?,uHg), which cental a vei^ largo 
proportion of carbon, undergo, partial combustion, and a considerable 
quantity of carbon, not meeting with enough heated oxygen in the vicinity 
to burn it entirely, escapes in a very finely divided state as smoke or 
soot, which is deposited in the chimney, mixed with a little carbonate of 
ammonia, and small quantities of other products of the distillation of 
coaL When the gas has been expelled from the coal, there remains a 
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mass of coke or cinder, which bums with a steady glow until the whole 
of its carbon is consumed, and leaves an mh, consisting of the mineral 
substances present in the coal. The final results of the perfect combus¬ 
tion of coal would be carbonic acid (CO*), water (HjO), nitrogen, a little 
sulphurous acid (SO^), and ash. The production of smoke in a furnace 
supplied with coal may bo prevented by charging the coal in small 
quantities at a time in front of the fire, so that the highly carbonaceous 
cvapouTs must come in contact with a large volume of heated air before 
reaching the chimney. In arrangements for consuming the smoke, hot 
air is judiciously admitted at the back of the fire, in oi'der to meet and 
consume the heated carbonaceous particles before they pass into the 
chimney. 

The difference in the composition of the several varieties of coal gives 
rise to a great difference in their mode of burning. 

The following table exhibits the composition of representative speci¬ 
mens of the four principal varieties :— 


Composition of Coal. 




LiRnlto. 

Uitiiminuns 

CohL 

Witran Cannrf. 

anthracite. 

Carbon, 


66-32 

78*57 

80*06 

90*39 

Hydrogen, . 


6-63 

6*29 

6*53 

3*28 

Nitrogen, 


o-.'ie 

1*84 

2*12 

0*88 

Oxygen, 

Sulphur, 


22-86 

12*88 

8*09 

2*98 


2-36 

0-39 

1*60 

0*91 

*«>>.* 


2-27 

1*03 

2’70 

1*61 


100*00 

100*00 

100*00 

100*00 


I'he lignites furnish a much larger quantity of gas under the action of 
heat, and therefore burn with more flame than the other varieties, 
leaving a coke which retains the form of tlie original coal; while bitumi¬ 
nous coal softens and cakes together,—a useful property, since it allows 
even the dust of such coal to be burnt, if the fire be judiciously managed. 
Anthracite {stone coal or Wdlsh co<d) is much less easily combustible 
than either of the others, and since it yields but little gas when heated, 
it usually burns with little flame or smoke. This variety of coal is so 
compact that it will not usually burn in ordinary grates, but is much 
employed for fumacoe. 

55. Carbon is capable of combining with oxygen in two proportions, 
forming the compounds knoum as mrhomc oxide and carbonic acid, the 
composition of which is shown in the following table 


Oxides of Carbon. 




Parts by irelKht. 

• 


C 

0 

Carbonic oxide, 

CO, 

12 

16 

Carbonic acid, 


12 

32 


* Tlie ash of coal cuusiats ohielly of Hilicii, iiluinina, uiul {teitixMc of imn. 
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Carbonic Acid. 

COj 44 parts by weight = 2 vols. 

56. It has been already mentioned that carbonic acid ia a component 
of the atmosphere, which usually contains about four volumes pf carbonic 
acid in 10,000 volunaes of air. This carbonic acid is cluefly formed by 
the operation of the atmospheric oxygen in supporting combustion and* 
respiration. 

All substances used as fuel contain a large proportion of carbon, which, 
in the act of combustion, combines with the oxygen, and escapes into the 
atmosphere in the form of carbonic acid. 

In the process of respiration, the carbonic acid is formed from the 
carbon contained in the different portions of the animal frame to which 
oxygen is conveyed by the blood, having been taken up by tlie latter in 
passing through the lungs, where it gives out, in exchange tor the oxygen, 
a quantity of carbonic acid produced by the union of a former supply of 
oxygen with the carbon of the diflerent organs !<» which the blood is 
supplied, and whicli, as they am constantly corroded and destroyed by 
this oxidising action of the blood, are repaired l^y the supply of food taken 
into the body. This conversion of the Ciirbon of the oigans into carbonic 
acid will bo again referred to; it will bo at onco evident tliat it must be 
concerned in the maintenance of the animal heat. 

The leaves of plants, under the intluence of light, have the power of 
decomposing the carbonic acid of the atmosphere, tire carbon of whicli is 
apidied to tlie })roductiou of vegetable compounds forming portions of the 
organism of tlie plant, and when this dies, the carbon is restored, after 
a lapse of time more or less considerable, to the atmosphere, in the same 
form, namely, that of carbonic acid, in wliich it originally existed there. 
If the plant should have been consumed as food by animals*, its carbon 
will have been eventually converted into carbonic acid by respiration; 
the use of the jilant as fuel, cither soon after its death (wood), or after 
the lapse of time has converted it into coal, will also consign its carbon 
to the air in the form of carbonic acid. Even if the plsuit bo left to decay, 
this [srocess involves a slow conversion of its carbon into carbonic a<sid 
by the oxygen of the air.* 

Pnirv/actioa and Jhimiitatiov am also veiy important pmcesses con- 
comed in restoring to the air, in the fonn of carbonic acid, the carbon 
contained in dead vegetable and animal matter, .iilthough, in a popular 
sense, these two processes are distinct, yet their chemical operation is of 
the same kind, consisting in fhe resolution of a complex substance into 
simpler forms, produced by contact trilh some other substance in a state of 
citxmical change. The discussion of the true natum of process (which 
is even now somewhat obscure) would be premature arthis stage, and it 
will suffice for the present to stale that carbonic acid is one of the simpler 
forma into which the carbon is converted by the metamorphosis which 
ensues so quickly upon the death of animals and vegetables. 

• In the dark, according to Boiissinganlt, plants evolve carbonic acid. He found that 
a square metre {39-87 inches square) of oleander leaves decomposed, in sunlight, on an 
average, I'lOS litre (67'6 cubic inches) of cavlmic acid every hour; whilst the same extent 
of leaf, in tlie dark, emitted 0*07 litre (4-27 cubic inches) of carbonic acid in the honr. 
Even under the influence of light, flowere have been found to absorb oxygen and cwlve 
oarbonie acid. '' UtC, ^ - 
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The production of carbonic acid in combustion, x-espiiation, and fermentation, may 
bo very easily proved by experiment. If a dry bottle bo placed over a burning wax 

taper standii^ on the table, the sides of the bottle will 
be covered with dew from the combustion of the hydrogen 
in the wax ; and if a little dear lime-water be shaken in 
the bottle, the milky deposit of carbonate of lime will 
indicate the formation of carbonic add. 

By arranging two bottles, as represented in fig. 64, and 
inspiring through the tube A, air will bobble through the 
lime-water in B, before entering the lungs, and will then 
bo found to contain too little carbonic odd to produce a 
milkincss, but on expiring tbo air, it will bubble through 
C, and will render the lime-water in this bottle very (ua- 
tinctly turbid. 

If a little sugar be dissolved in eight or ten times its 
weight of warm (not hot) water, in the flask A (fig. 65), 
and a little dried yeast, previously rubbed down with water, 
added, fermentation wfll commence in the course of an hour 
or less, and carbonic acid may be collected in the jar B. 

.57. In the niinbral kingdom free carbonic acid 
is pretty abundant. The gas issues from the earth 
in some places in considerable quantity, as at Nauheim, where there is 
said to be a spring exhaling about 1,000,000 lbs. of the gas annually. 
Many spring waters, those of Seltzer and Pyrmont, for example, arc very 
highly cbai^fed with the gas. 

But it occurs in far larger quantity in a state of combination with lime, 
forming the immense deposits of fimpstoiic, maible, and chalk, wliich 

comj)03o so largo a ])ortiou 
of the crust of the globe. 
Carbonate of lime is also 
met w’ith in the animal 
kingdom. Fish shells and 
p(!arls contain about two- 
thirds of their weight of 
this substance, whilst egg¬ 
shells contain as much as 
nine-tenths of carbonate of 
lime. 

The expulsion of the 
carbonic acid from lime¬ 
stone (CaO.COj) forms 
the object of the process 
of lime burnitig, by which 
Fig. 65. supply of lime 

(CaO) is obtained for build¬ 
ing and other purposes. But if it ho required to obtain the carbonic acid 
without regard to the lime, it is better to decompose the carbonate of lime 
with an acid. 

Preparation of carbonic acid .—The form of the carbonate of lime, and 
the nature of the acid employed, are by no means matters of indillerence. 
If dilute sulphuric acid be poured upon fragments of marble, the effer¬ 
vescence which occurs at fir^t soon ceases, for the surface of the marblo 
becomes coated with the nearly insoluble sulphate of lime, by which it is 
protected from the further action of the acid— 

CaO.CO, -I- H,O.SO, = CaO.SO, + H,0 + CO,. 

Marble. Snlpliuric arid. Sulphate of Umc. 
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if the marble be finely powdered, or if powdered chalk be employed, each 
particle of the carbonate of lime will bo acted upon. "Vnien lumps of 
carbonate of lime are acted upon by hydrocliloric acid, there is no danger 
that any will escape the action of the acid, for the chloride of calcium 
produced is one of the most soluble salts— 


CaO.COa + 2HC1 = CaCl, 

Marble. Hydrocliloric odd. 


n,o 


CO, 


For the ordinary purposes of experiment, carbonic acid is most easily 
obtained by the action of diluted hydrochloric acid upon small frag¬ 
ments of marble (fig. 66), the latter being 
covered with water, and hydrochloric acid 
poured in through the funnel-tube. The 
gas may be collected by downward dis¬ 
placement. 



68 . Prqpoiiea of carhonic acid. —Car¬ 
bonic acid gas is invisible, like the gases 
already examined, but is distinguished by 
a peculiar pungent odour, as is perceived 
in soda-water. It is more than half as 
heavy again as atmospheric air, its specific 
gravity being 1'529, which causes its ac¬ 
cumulation near the floor of such confined spaces as the Grotto del Cane, 
where it issues from fissuitis in the rock. 


Fig. C6. 


Preparation of carbonic 
acid. 


The liigh spucilic gnivity of cai bouic acid may be shown by pouring it into a light 
jar attachod to a balance, and counterpoised by a weight in the opposite sojde 
(fig. 67). 



Another favourite illustration consists in floating a soap-bubble on the surface of a 
layer of the gas generated in the large jar (fig. 68), by pouring diluted sulphuric acid 
upon a few ounces of chalk made into a thin cream with water. 

If a small balloon, made of collodion, be placed in the jar A (fig. 69), it will ascend 
on the admission of carbonic acid through the tube B. 
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If smoulderiug browu paper be held at the mouth of a jar, like that in 69, the 
smoke will float upon the surface of the carbonic acid, and will sink with it on re¬ 
moving the stopper. 



Fig. 6!>. 


The power W’hich carbonic acid possesses of extinguishing flame is 
very fmportant, and has received practical application in the case of burn¬ 
ing mines which must othorwi.se liave 
been flooded with water.* Many at¬ 
tempts have also been made from time 
to time to employ this gas for sub- 
<luing ordinary conflagrations, but their 
success has hitherto been very*partial. 
It will be remembered that i)uro nitro¬ 
gen is also capable of extinguishing 
the flame of a taper, but a large pro¬ 
portion of this gas may bo pmsent in 
air without affecting the flame, whereas 
a taper is extinguished in air contam- 
ing one-eighth of its volume of carbonic 
acid, and is sensibly diminished in bril¬ 
liancy by a much smaller proportion 
of the gas. 

The power of extinguishing llaM>e, con¬ 
joined with the high density of carbonic 
acid, admit of some very interesting illus- 
Fig. 70. trations. 

Carbonic acid may be poured from some 
(li stance upon a candle, and will extinguish it at once. 

A large torch of bluing tow may be plunged beneath the surface of the carbonic 
acid in the jar, fig. 68. 

Carbonic add may be -raised in a glass bucket,(iig. 70) firom a large jar, and 
poured into another jar the air in which lias been previously tested with a taper. 

A wire stand with several tapers fixed at (Ufl'erent levels may be placed in the 
jar A, fig. 71, and carbonic acid gradually admitted through a flexible tube connected 



* All gases which take no part in combustion may extinguish flame, even in the presence 
of air, by absorbing heat amf reducing the tcmperatim- below the b\iniing-point. 
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with the neck of the jar, from the cutem B, a bole is the cover of which allows air 
to enter it as the gas flows oat; the flame of each 
ta^er will ^adually expire as the surface of the car¬ 
bonic acid rises in the jar. 

A jar of oxygen may l«j placed over a jar of car¬ 
bonic acid, os shown in tig. 53, and a taper let down 
through the oxygen, in which it will bum bril¬ 
liantly, into the carbonic acid, winch extinguishes 
it, and if it be (quickly mised again into tlie oxygen, 
it will rekindle with a slight detonation. This alter¬ 
nate extinction and rekindling may be re]ieated several 
times. 

On account of this extinguishing jwwer of 
carbonic acid, a taper cannot continue to bum 
in a conlined portion of air until it has ex¬ 
hausted the oxygen, but only until its com¬ 
bustion has produced a sufficient quantity of 
carbonic acid to extinguish the flame. 

To demonstrate this, advantage may be taken ^ _ 

of the circumstance that phosphorus will continue ****■ 

to bum in spite of the presence of carbonic acid. Upon the stand A (lig. 72) 
a small idece of phosphorus is placed, and a taper is attached to the stand 
by a wire. Tlie cork 11 fits air-tight into the jar, and 
carries a x»icce of copper wire bent so that it may be heated 
by tlie flame of the taper. A little water is iwnrecl into 
the plate to prevent the entrance of any fresh air. If the 
taper be kindled, and the jar placed over it, the flame 
will soon die out; and on moving the jar so that the hot 
wire may touch the {thosjihorus, its combustion will show 
that a conaidemhie amount of oxygen still remains. 

In the same manner, an animal can breathe a 
continod portion of air only until ho ha.s charged 
it with so much carbonic acid that the hurtful eilect 
of this gas hugiila to be felt, a considerable quantity of oxygen still 
remaining. 

If the air contained in the Jar A Uig. 73), standing over water, ho breathed two 
or three times through the tube II, a iiaiufid sense of opjircssiou will soon be felt in 
consequence of the aecumulatiun of car¬ 
bonic acid. By immersing a deflagrating 
spoon 0, containing a piece of burning jihos- 
])Uoru.s, and having a lighted taper attached, 
it may be shown that although there is 
enough carbonic acid to extinguish the taper, 
the oxygen is not eximusted, for the phos¬ 
phorus continues to burn rapidly. 

Carbonic acid is not jxiisoiious wdion 
taken into tho stomach, hut acts most 
injuriously when breathed, by ofiering 
an obstacle to that escape of carbonic 
acid, by diffusion, from the blood of 
the venous circulation in tho lungs, 
and its consequent replacement by tho 
oxygen necessary to ai-toriiil blood. 

Any hindrance to this interchange 
most impede respiration, and such 
hindrance would, of course, be afforded 
by carbonic acid present in tho air 
inhaled, in proportion to its quantity. 



Fig. 72. 



Fig. 73. 

The difference in constitution'and 
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temperaxaent in individuals makes it impossible that any exact genei^ 
rule should be laid down as to the precise quantity of carbonic acid 
which may be present in air without injury to respiration, but it may be 
safely asserted that it is not advisable to breathe for any length of time 
in air containing more than yc^o^th (0*1 per cent.) of its volume of car¬ 
bonic acid. 

There appears to be no immediate danger, however, until the carbonic 
acid amounts to (0*6 per cent.), when most persons are attacked by 
the languor and headache attending the action of this gas. A larger pro¬ 
portion of carbonic acid produces insensibility, and air containing ■j\fth of 
its volume of carbonic acid causes suffocation. The danger in entering old 
wells, collars, and other conilnod places, is due to the accumulation of 
this gas, either exhaled finm the earth or produced by decay of organic 
matter. The ordinary test applied to such confined air by introducing a 
candle is only to be depended upon if the candle bums as brightly in the 
confined space as in the external air; should the flame become at all dim, 
it would be unsafe to enter, for experience has shown that combustion 
may continue for some time in an atmosphere dangerously charged with 
carbonic acid. 

The accidents from c/io/ta damp and after damp in coal mines, and 
from the accumulation, in brewers’ and distillers’ vats, of the carbonic acid 
resulting from fermentation, are also examples of the fatal cflcct of this 
gas. 

The air issuing from the lungs of a man at each expiration contains 
from 3*6 to 4 volumes of carbonic acid in 100 volumes of air, and could not, 
therefore, bo breathed again without danger. The total amount of car¬ 
bonic acid evolved by the lungs and skin amoimts to about 0*7 cubic foot 
per hour. In order that it may be breathed again without inconvenience, 
this should be distributed through at least 140 cubic feet of fresh air, or a 
space measuring 5*2 feet each way. Hence the necessity for a constant 
supply of fresh air by ventilation, to dilute the carbonic acid to such an 
extent that it may cease to impede respiration. This becomes the more 
necessary where an additional quantity of carbonic acid is supplied by 
candles or gas-lights. Two ordinary gas-bumers, each consuming three 
cubic feet of gas per hour, will produce as much carbonic acid as one man. 
Fortunately, a natural provision for ventilation exists in the circumstance 
that the processes of respiration and combustion, which contaminate the 
air, also raise its temperature, thus diminishing its si)ecific gravity by 

expansion, and causing it to ascend 
and give place to fresh air. Hence 
the vitiated air always accumulates 
near the ceiling of an apartment, and 
it becomes necessary to afford it an 
outlet by opening the upper sash of 
the window, since the chimney ven¬ 
tilates immediately only the lower 
part of the room. 

Them principles may be illustrated by 
some very simple expenments. 

Vig. 74. Two quart jars (fig. 74) are filled with 

carbonic acid, and after being tested with 
a taper, a 4 oz, flask is lowered into each, one flask containing cold and the other 
hot water. After a few minutes, the jar with the cold flask will still contain enough 
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carbonic acid to extinguish the taper, whilst the air in the other jar wQl support com* 
bustion brilliantly. 

A tail stoppered glow jar (fig. 75) is placed over a stand, upon which three lifted 
tapers are fixed at diflereut heights. The Titiated air, rising to the top <n the 
jar, will extinguish the uppermost taper first, and the others in succ^ion. By 
qnickly removing the stopper and raising the jar a little before the lowest taper has 
expired, the jar will be ventilated and the taper revived. 

A similar jar (fig. 76), with a glass chimney fixed into the neck through a cork or 
piece of vulcanised tubing, is placed over a stand with two tapers, one of which is 
near the top of the jar, and the other beneath the ajierture of the chimney; if a 
ci'evice for the entrance of air be left between the jar and the table, the lower 
taper will continue to bum indefinitely, whilst the upper one will soon be extin¬ 
guished by the carbonic acid accumulating around it. 

In onlinary apeortments, the incidental crevices of tlio doors and windows 
are depended upon for the entrance of fresh air, whilst the contaminated 
air passes out by the chimney, but in largo buildings special provision 
must be made for the two air currents. In mines this b^'omes the more 
necessary, since the air receives much additional contamination by the 



Fig. 75. Fig. 76. 

gases (marsh-gas and carbonic acid) evolved from the workings, and by 
the smoko occasioned in blasting with gunpowder. Mines arc generally 
provided with two shafts for ventilation, under one of wliich (the upcast 
shaft) a tiro is maintained to produce the upward current, which carries off 
the foul air, wdiilst the fresh air descends by the other {domicast shaft). 
The current of fresh air is forced by wooden par¬ 
titions to divide itself, and pass through every 
portion of the workings. 

The operation of such ])rovisions for ventilation iseasllj 
exhibited. 

A tall jar (fig. 77) is fitted with a ring of cork, carrying 
a nido glass chimney (A). If this he plac^ over a taper 
standing in a plate of water, the accumulation of vitiated 
air will soon extinguish the taper; butifusccond chimney 
(B), supported in a wire ring, be placed within the wide 
chimney, fresh air wilt enter through the interval be¬ 
tween the two, and the smoke from a piece of brown 
paper will demonstrate the existence of the two currents, 
as sliown by the amiws. 

A small box (fig. 78) is provulad with a glass chimney 
at each end. In one of these (B) representing the upc^t 
shaft, a lighted taper is suspended. A piece of smoking 
brown paper may be held in each cliimney to show the 
direction of, the current. On closing A with a glass 
plate, the taper in B will be extinguished, the enti^ce 

of fresh air being prevented. By breathing gently into A the taper will also he 
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SODA WATER—SPARKLING DRINKS. 


extingoiBhed. The experiment may be varied by iKiuring carbonic acid and oxy* 
gen alternately into A, when the taper will be extinguiAed and rekindled by tuma. 

A ^nt Ireli-jar (fig. 79) is placed over a taper etanding in a tray of water. If a 
chimney (a common lamp-glass) Iw placed on the top of the jar, the flame of the 
taper will gradually die ou^ because no provision exists for the establishment of 
the two currents, but on dropping a piece or tin-plate or card-board into the chimney, 
so as to divide it, the taper will be revived, and the smoke from the brown paper will 
distinguish the upcast from the downcast shaft. 

,If a little water be poured into‘a wide-moutlied bottle of carbonic 
acid, and the bottle be then firmly closed by the palm of the hand, it 

will be found, on shaking the bottle 
violently, that the carbonic acid is 
absorbed, and the palm of the hand 
is sucked into the bottle. The pre¬ 
sence of carbonic acid in the solution 
may be proved by pouring it into 
lime-water, in which it will produce a 
jirecipitate of carbonate of lime, re- 
dissolved by a further addition of the 
solution of carbonic acid. 

One pint of water shaken in a vessel 
containing carbonic acid gas, at the 
ordinary pressure of the atmosphere, will dissolve about one pint of tlio 
gas, equal in weight to nearly IG grains. If the carbonic acid bo confined 
in the vessel under a pressuj'c etjual to twice or thrice that of the atmo¬ 
sphere—that is, if twice or thiice the quantity of carbonic acid be com¬ 
pressed into the same space, the water will still dissolve one pint of the 
gas, but the weight of this pint Avill now be twice 
or thrice that of the pint of uncompressed gas, so 
that the water will liave dissolved 32 or 48 grains of 
the ga.s, accordingly a.s llio pressure liad been doubled 
or trebled. As soon, however, iis the pressure is 
removed, the compressed carbonic acid will resume 
its former state, with the exception (^f that portion 
which the water is ca})ablc of retaining in .solution 
under the ordinary pressure of the atmosphere. 
Thus, if th(! water had been charged with carbonic 
acid under a pressure equal to thrice that of the 
atmosphere, and had therefore absorbed 48 grains 
of the gas, it would only rekun 16 grains when the 
pressure was taken off, allowing 32 grains to escape 
Fig. 79. iu minute bubbles, producing the appearance known 

as efftinencenco. This affords an explanation of the 
properties of soda-water, which is prepared by charging water with 
carbonic acid gas under considerable pressure, and rapidly confining it 
in strong bottles. As soon as the resistance offered by the cork to the 
expansion of the gas is removed, the excess of the carbonic acid, above 
that which it can hold in solution at the ordinary pressure of the air, 
escapes with effervescence. In a similar i^anner, the waters of certain 
springs become charged with carbonic acid, under high prcssui’o, beneatli 
the surface of the earth, and when, upon their rising to the surface, this 
pressure is removed, the excess of carbonic acid escapes with effervescence, 
s giving rise to the sparkling appearance and sharp flavour which renders 
spring water so agreeable. On the other hand, the watora of lakes and 
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rivers are usually flat and insipid, l)ecause they hold in solution so small 
a quantity of uncombined carbonic acid. 

The sparkling character of champagne, bottled beer, &c., is due to the 
presence in these liquids of a quantity of carbonic acid which has been 
generated by fermentation, subsequent to bottling, and has therefore been 
retained in the liquid under pressure. In the case of Seidlitz powders 
and soda-water powders, the effervescence caused by dissolving them 
in water is due to the disengagement of carbonic acid, caused ]?y 
the action of the tartaric acid, which composes one of the powders, 
upon the bicarbonate of soda, producing tartrate of soda and carbonic 
acid gas. In the dry state these jwwders may be mixed without any 
chemical change, but the addition of water immediately causes the effer¬ 
vescence. 

The solu bility of carbonic acid in water is of great importance in the 
chcmistix. of J^atur e; forTEi' awd, brought do\TO from thd'atmosphere 
dissolved in rain, is able to act chemically upon rocks, such as granite, 
which contain alkalies—the carbonic acid combining with these, and thus 
slowly disintegrating or crumbling down the rock, an effect much assisted 
by the mechanical action of the expansion of freezing water in the inter¬ 
stices of the rock. It appears that soils are thus formed by the slow 
degradation of rocks, and when these soils are capable of supporting 
plants, the solution of carbonic acid is again of service, not only as a 
direct food, by providing the plant witli carbon through its roots, but as 
a solvent for ceibiin portions of the mineral food of the plant (such as 
phosphate of lime), which pure water could not dissolve, and which the 
plant cannot take up except in the dissolved state. 

59. Although carbonic add retains its state of gas under all tempera¬ 
tures and pressures to which it is commonly exjKised, it is capable of 
assuming the liquid and even the solid state. 

At about the oiHlinarj" temperature (59® F.) carbonic acid is condensed, 
by a pressure of 50 atmospheres (750 lbs. per square inch), to a colourless 
liquid of sp. gr. 0'83 (>vater - 1), and at a temperature of—70° F. (70° 
below the zero, or 102° below the freezing point, F.) becomes a transparent 
mass of solid carbonic acid resembling ice. 

If the temi)emture of the gas bo reduced to 32° F. a pressure of 38'5 
atmospheres only will suffice to liquefy it. 

The experiments of Andrews upon the liquefac-tion of carbonic acid show that, in 
causing the li«inefaction of gases, increase of pressure is not always equivalent to 
reduction of temperature, but that there exists a particular temperature for each gas 
above which no amount of pressure is able to liquefy it, and at this particular tempera¬ 
ture, the critical point, the gas is wavering between the gaseous and the liquid state, 
so tliat “ the gaseous and lujuid states are only widely separated forms of the same 
condition of matter, and may be made to pass into one another by a series of grada¬ 
tions so gentle, that the passage shall nowhere present any interruption or breach of 
continuity.” It was found to be imjwssible to liqiiefy carlionic acid above a tem¬ 
perature of 88° F., even by a [)reasuro of 109 atmos^eres ; but, at this high pressure, 
the gas ceased to obey the law that the volume of a gas is inversely as the pressure, 
for instead of occupying of its original volume, it had been reduced to On 
cooling the gas thus compressed, it liqucticd sudde^y, and not gradually as in the 
case of a vapour under ordinary pressure. The gas in this condition, when subjected 
to very small variations of temperature or pressure, exhibits curious flicker^ move¬ 
ments, resembling the effect produced by tbe ascent of columns of heated air through 
colder strata. 

Even at 66° F., a pressure of 48‘89 atmospheres reduced the gas (not to but) to 
ix of its original volume without liquefying it, but at this point, an additional pres¬ 
sure of only atmosphere suddenly Hqueued one half of the gas. 
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A nnall s] 
fn%en glass {, 


en of liquid carbonic acid is easily prepared. A strong tnbe of 
80 is selected, about 12 inches long, jV inch diameter in the 

bore, and ^ inch tiiick in the 
^ , walla. With the aid of the 

. . .re blowpipe flame this tul>e is 

soften^ and drawn off at 



about an inch from one end, 
as at B, which is thus closed 
(C). This operation should 
be performed slowly, in order 
that the closed end may not 
be much thinner than the 



Fig. SO. 


walls of the tube. When the 
tube has cooled, between 30 
and 40 grs. of powdered bi- . 
carbonate of ammonia (ordi¬ 
nary sesqnicarbonate which 
has crumbled down) arc 
tightly rammed into it with 
a class rod. This part of the 
tul)e is then surrounded with 
a few folds of wet blotting- 
l>a)xjr to keep it cool, and the 
tUTO is bent, just beyond the 
carbonate of ammonia, to a 
somewhat obtuse angle (I>). 
The tnbe is then softened at 


alwnt an inch from the open 
end, and drawn out to a narrow nock (E), through which a measured drachm of oil 
of vitriol is poured down a funnel-tube, so as not to soil the neck, which is then 
carefully drawn out and sealed by the blowpipe ilame, as at F. The empty .space 
in the tube should not exceed I cubic inch. 

When the tube i.s thorouglily cold, it i.s suspended by strings in such a position 
that the operator, having retired behind a screen at some distanee, may reverse tlie 
tube, allowing the acid to flow into the limb containing the carbonate of ammonia ; 
or the tulic may be fixed in a box which is shut up, and reversed so a.s to bring the, 
tnbe into the required position. 

If the tube be strong enough to resist the pressure, it will be found, after a few 
hours, that a layer of liquid carbouie acid has been formed upon the surface of the 
solution of sulphate of ammonia. By cooling the empty limb in a mixture of 
pounded ice and salt, or of hydrochloric acid and sulphate of soda, the liijnid acid 
can be made to distil itself over into this limb, leaving the sulphate of ammonia in 
the other. 


Fig. 81 represents Thilorier’s apparatus for the preparation of several pints of 
liquid carbonic acid. <7 Ls a strong v>ro7tf}ht iron ge^icrator of gas in which 2 lbs. of 
bicarbonate of soda are well stirred with 4 pints of water at 100® F. Half a pint of 
oil of vitriol is poured into a brass tube which is dropped upright into tlic generator, 
M shown by the dotted lines in the figure, which also indicate the level of the liquid 
in the generator. The head of the generator is then fimily screwed on, with the help 
of the spanners represented in the figure, and the stopcock* firmly closed by turning 
the wheel w. The generator w then turned over and over on its trunnions resting 
upon the stand s, for ten minutes, so that the whole of the sulphuric acid may be ~ 
mixed with the solution of bicarbonate of soda. The generator is then connect^, by 
the copper tube t with the strong wrought iron receiver r, ^e stopcock of w'bich is 
attached to a tube passing down to the bottom of the vessel. The stopcock of the 
receiver is then opened, by turning the wheel«, and afterwards that of the generator. 

The condensed gas then passes over into the receiver. After two or three miimtcs 
the stopcocks are again closed, the generator detached, the waste gas blown out 
through the stopcock, the head uns,crewed, and the generator emptieil and recharge<i. 
After the operation has been repeated three timesfthe pressure in the receiver will 
be found to have liquefied some of the carbonic add, and after seven charges, the 
receiver is nearly filled with the liquid add. The tube t is then unscrewed from the 


* These stopcocks are steel screws with conical points fitting into gun-metal sockets 
1 /OMlen washers are employed to secure the tightness of the joints between the iron vessels 
and their heads, which ore made of gun-metar 
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receiver, and replaced bv the nozzle n. If tbe stopcock be then slightly opened, a 
stream of Ae liquid will be forced up the tube, and, issuing into the sir, will congwl 
by its own evaporation into an opaque white spray of solid carbonic acid. 



Fig. 81.—Liquefaction of carbonic acid. 


In order to collect the solid, the box shown at 6 is employed. This is umdi‘f.f 
bniss, and furnished with strong flanges by which the cover is secured to it. The 
handles of the box are made of wood or gutta percho, and are hollow, with brass 
tubes passing through them to allow of the escape of the gaseous carbonic acid, the 
ends of the tubes within the box being covered by perforated plates which prevent 
the escape of the .solid acid. The box and its cover having been fitted together, the 
nozzle of the receiver r is in.scrtc<i into a .sliort tube projecting from tlie'side of tlie 
box, and wlillst one o]»erator liohLs the box firmly by the handles, 
another gradually oj)cns the stopcock by turning the wheel r. 

A stream of the liquid acid is at on»'o forced into the box, 
where it strikes against a curved brass plate arranged so ns to 
force it to pass all round the inside of the box; about seven- 
eighths of It evaporate as giis, which rushes out througu the 
tuimlar handles, and the rest is found in the box in a solid state, 
resembling snow. It shonld be quickly shaken on to a sheet of 
paper, and emptied into a beaker placed within a larger beaker, 
the. interval being filled up by flannel. By covering the beaker 
with a dial glass, the solid acid may be kept for sonic time. 

The box becomes intensely cold, and condenses the moisture of 
the air to a thick layer of hoar frost, and if it be dipped into 
water it becomes coated with icc. 

The solid carbonic acid evaporates without molting,- for its 
ineltingjpoint is - 85® F., end its own evaporation keeps it at 
-125® F. It produces a sharp sensation of cold when placed 
U|)on the hand, ami if pressed into actual contact wi^ the 
skin, causes a painful frost-bite. Its rapid evaporation may 
be shown by placing a few fra^ents on the smface of water 
in the globe (fig. 82), which Km a tube passing down to the 
bottom, through which the pressure of the carbonic gas forces 
the water to a considerable height* 

The solid carbonic msid is soluble in ether, and it evaporates 
from this solution far more rapidly, because the liquid is a better conductor of heat 
than the highly porous solid, and abstracts heat more rapidly from surrounding 
/ibjocts. 

If a layer of ether be poured upon water, and some solid carbonic acid be throwm 
into it, the water is covered with a layer of ioc. ' 
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On immersing the bulb of a thermometer into the solution of solid carbonic add 
in ether, the mercniy becomes solid, and the bulb majr be hammered out into a disk. 

By placing a piece of filter-paper in an evaporating dish, pouring a pound or • 
so of mercury into it, immersing a wire turned into a flat spiral at the end, covering 
the mercury with ether,* and throwing in some solid carbonic acid, the mercury 
may soon be frozen into a cake. If this be suspended by the wii'e in a vessel of 
water, the mercury melts, descending in sUveiy streams to the bottom of the 
vessel, leaving a cake of ice on the wire, with icicles formed during the descent of 
the mercury. 

V Even in a red hot vessel, with prompt manipulation, the mercury may be solidified 
by the solutioi) of solid carbonic acid in other. 

The temperature produced by the evaporation of the solid carbonic dissolved in 
ether is estimated at —150” F. 

GO. Carbonic acid may be separated from most other gases by the 
action of h ydrate of pota sh, which absorbs it, forming carbonate of potash. 
The proportion of cartidnic acid is inferred either from the diminution in 
volume suffered by the gas When treated with potash, or from the increase 
of weight of the latter. 

In the former case the gas is carefully measured over mercury {fig. 83), with due 
attention to temperature and barometric pressure, and a little concentrated solution 

of potash is thrown uj* through a curved 
pipette or syringe, iutroduem into thi* 
orifice of the tube beneath the surface of 
the mercury. The tulw is gently sliakcn 
for a few seconds to promote the absorp¬ 
tion of the gas, and, after a few minutes' 
rest, the diminution of volume is read 
ofl". Instead of solution of potash, damp 
hydrate of potash in the solid stale is 
sometimes introduced, in the form of 
small sti(‘ks or balls attached to a wire. 

To detenuine tlie weight of carbonic 
acid in a gaseous mixtoi e, the latter is 
passed through a bulb-apparatus (0, fig. 
84), containing a strong solution of po¬ 
tash, and weighed before and after the 
passage of the gas. When the propor¬ 
tion of carbonic acid in the gas is small, 
it is usual to attach to the bulb-appara¬ 
tus a little tube, containing solid hydrate 
of potash, or chloride of calcium, or 
X>umice stone moistened with sulphuric 
acid, for the inirjMwe of retaining any 
vapour of water \Vhich the large volume of unabsorbed gas might cany away in 
passing through the solution of jjotash. 

61. Ultimate organic amlym .—-It is necessary to determine in this 
manner the weight of carbonic acid, in order to ascertain the proportion 
of carbon present in organic substances. For this purpose, an accurately 
weighed quantity (usu^y from seven to ten grains) of the organic sul> 
stance is very carefully mixed with some compound from which it can 
obtain oxygen at a high temperature, such as oxide of copper (CuO) or 
chromate of load (PhO.CrOJ, care 'teing taken to employ a large excess 
of the oxidising agent. The mixture is introduced into a eombrntion-tuhe 
ci German glass (which is free from' lead noted for its infusibility) of 
tlia form shown in A, fig. 84. This tube is provided with a small tube B, 
containing chloride of c^cium, which is connected by a tube of caoutchouc 
with the potash-bulbs C. On gradually heating the tube in a charcoal 

* Much economy of solid carbonic acid results firom the use of the arueathetie ether in 
these ex^p^mente. 



Fig. 83. 
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famace, or over a properly constructed gas-burner, the hydrogen and carbon 
C(mi«ined in the organic substance are converted, respectively, into water 
and carbonic acid, by the oxygen derived from the chromate of lead or 
oxide of copper. The water is absorbed by the chloride of calcium in B, 
and the increase of weight in this tube will indicate the quantity of water 
'formed in the combustion, whilst that of the potash bulbs will show the 
weight of the carbonic acid. When the whole length of the tube is red 
hot, and no more gas passes through the bulbs, the sealed point B of the 
tube is broken off, and air drawn through by applying suction at E, in 



ordtvr to swoop out the last traces of water and carbonic acid into the 
chloride of calcium and potash. Sometimes the organic substance is 
heated in a little platinum tray, placed within a glass tube, through which 
a stream of pure oxygen is passed, the products of combustion being 
afterwards made to pass over red hot oxide of copper, to convert any 
carbonic oxide into carbonic acid, and collected for weighing as before. 

When the organic substance contains carbon, hydrogen, and oxygen, 
the weight of this last is inferred by subtracting the weights of the carbon 
and hydrogen from that of the suijstance. As an example of the nltiimU 
ttiKihjsis of an organic subntun.ee, the results of an analysis of oxalic acid 
are hem given— 

10 grs, of oxalic acid, dried at 21F., gave 9’78 grs. of carbonic acid 
and 2'00 grs. of water. 

CO, C CO, 

44 : 12 : : 9-78 : x 

2*67 grs. of carbon in 10 grs. of oxalic acid, 

H,0 H, H,0 

18 : 2 : : 2*00 ; p 

y ^ 0*22 gr. of hydrogen in 10 grs. of oxalic acid. 

It having been ascertained by preliminary experiments that oxalic add 
contains only carbon, hydrogen, and oxygen, 10 (oxalic acid) minus 2*89 
(carbon and hydrogen) = 7*11 grs. of oxygen in 10 grs. of oxalic acid. 

It appears, therefore, that • 

10 grs. of oxalic acid contain 
2*67 „ carbon, 

' 0*22 „ hydrogen, and 

7*11 „ oxygen. 
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EMPIBICAL AND^RATIONAL POEMULA5, 

Empirical and rational fornmke. —In order to deduce from these 
numbers the chemical formula for oxalic acid, that is, the formula ex¬ 
pressing the number of atoms of each element, it will bo necessary, of 
course, to divide the weight of each element by the number representing 
its atomic weight. 

Thus 2*67 -r 12 = 0'22 atomic proportion of carbon j 
0*22 1 = 0*22 „ „ hydrogen; 

7*11 16 = 0*44 „ „ oxygen. 

And the formula of oxalic acid might bo written But as 

fractions are not admis.sible in such a formula, it would bo written 
C,jH 3 j, 04 ^. This, however, is only an empirical formula for oxalic acid, 
that is, a fomula which represents its composition only, without reference 
to its eomtituthn, i:e., to the absolute number of atoms present, and to 
the mode in which they are grou])ed or arranged within the compound. 
A formula professing to give such information would be termed a rational 
formula, and can only be arrived at by the careful study of the relation 
of the substance under examination to others of which the combining 
weights are certainly known. Thus, it is found that one molecule (56 
parts) of caustic potash (KTIO) retiuires '^45 parts of dry oxalic acid to 
neutralise it and form the oxalate of potash. Hence it is reasonable to 
regard 45 as the molecular weight of dry oxalic acid. Since the above 
analysis has proved this quantity of oxalic acid to contain 12 (one atom) of 
carbon, 1 (one atom) of hydrogen, and 32 (two atoms) of oxygen, the formula 
would be written CHOg. The action of oxalic acid upon caustic potash 
would then be represented by the equation KI10 + CHOj = H„0 + CKOg 
(oxalate of potash). But there is another oxalate which has the formula 
CgKHO^ (binoxalate of j)ota8h) in which only one half of the hydrogen 
is displaced by potassium. Hence there must be two atoms of hydrogen 
in the molecule of oxalic acid, and its formula is CjHj 04 . In determining 
whether this formula represents only one grouping of the elements, or 
whether it contains two or more groups in combination, the chemist is 
guided by the results of a more minute study of the decompositions which 
the compound undergoes under varied conditions. 

62. Salts formed hy carltmic acid, —Although so ready to combine with 
the alkalies and alkaline earths (as shown in its absorption by solution 
of potash and by lime-water), carbonic acid must be classed among the 
weaker acids. It does not neutralise the alkalies completely, and it may 
be displaced from its combinations with bases by most other acids. Its 
action upon the colouring matter of litmus is feeble and transient. If* a 
solution of carbonic acid in water be added to blue infusion of litmus, a 
wine-red liquid is produced, which becomes blue again when boiled, losing 
its* carbonic acid; whilst litmus reddened by sulphuric, hydrochloric, 
or nitric acid, acquires a brighter red colour, which is permanent on 
boiling. 

"With each of the alkalies carbonic acid forms two well-defined salts, 
the carbonate and bicarbonate. Thus, the .carbonates of potash and soda 
are represented by the formul®, K,O.COj and HajjO.COj, whilst the 
bicarbonates are KHO.COj and HaHO.COj. The existence of the latter 
salts would favour the belief in the existence of a hydrate of carbonic acid 
(HjO.CO,), althoi^h no such combination of'water with carbonic acid 
' has yet own obtained in the separate state. Perfectly dry carbonic acid 
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gas is not absorbed by pure quicklime (CaO), but when a little water is 
added, combination at once takes place. This supports the view enter¬ 
tained, by some chemists, that CO, is not an acid until it is associated 
with water, and they therefore speak of it as earhonie anhydride^ reserving 
the name carbonic acid for the as yet undiscovered compound H,O.CO, 
(or H,CO,). 

Opposed to this view, however, is the fact that quidklime will absorb 
carbonic acid when heated to a certain point. 

Two Lard glass tubes closed at one end, and bent as 
in iig. 85, are mrfectly dried, and filled, over mer¬ 
cury, with well-dried carbonic acid gas. Fragments of 
lime are taken, whilst red ho^ out of acrucilue, cooled 
under the morciuy, inserted into the tubes, and trans¬ 
ferred to the upper end. No absorption of the carbonic 
acid takes |dace, though the tubes be loft for some 
days; but if one of them be heated by a Bunsen 
burner, the absorption of carbonic acid takes place 
rapidly, and the mercury is forced up into the tube. 

The carbonates may lie expressed either by additive 
formulae, showing the bases which combine with car¬ 
bonic acid to produce them, or by stubstitwtivc formula*, 
in which they are represented as formed from the hypo¬ 
thetical lljCOg by the substitution of metals for the 
hydrogen. In the latter fonnula* the existence of COg 
is lost sight of altogether. 

The following are some of tlie principal 
carbonates which are found in nature or employed in the arts 



Chemical Name. < 
1 

_I 

! Carbonateofpot¬ 
ash 

Bicarbonate of 
potash 

Carbonate of 
soda 

Bicarbonate of 
soda 

Sesnuicarbonate 
of ammonia 

Carbonate of 
lime 

Basic carbonate 
of mognesi)^ 

Carbonate of 
iron 

Carbonate of 
zinc 

Basic carbonate 
of copper 

Basic carbonate 
of lead 

Double carbon¬ 
ate of lime 
and magnesia 


Common Xamo. 


I Potashes, Pearl-ash 

\ 

S 

i .41kali ( 

I Washing so da 1 

I Carbonate, of soda 

( Smelling salts \ 

) Preston salts ( 

' Carbonate of am- 4 
• nionia ) 

Limestone, chalk ) 

Marhle \ 

Magriesia aVn j 

Magnesia \ 

Spathic iron ore 


Calamine 

Malachite 

White lead 

Dolomite 
< Magnesian 
( stone 


lime -1 


Additive rormtilii. 

Substitutive Formula. 

■ 

KjO.COji 

KjCO, 

K,0 . H,0.2CO„ 

KHCO, 

NajO. COg 

Na,CO, 

Na^O ^.2CO, 

NaHCO, 

« 

4NH a.2Hs0.3C08 

2[{H,N),C0,]C0, 

CaO. COj 

• 

CaCOg 

3(MgO. CO,). 1 
MgO.HgO. ( 

SMgCOg. MgHgO, 

FeO. COj 

FeCOg 

ZnO. COj 

ZnCOg 

CuO . CO,, ) 

CuO. H,0 \ 

2 (PbO. CO,), 1 
PbO. H,0 I 

CaO.MgO.2CO, 

CuO.HjO.CuCO, 

2PbCO^.PbO.H,P 

MgCa2C0, 
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68 . Analytical proof of the composition of carbonic add .—Lavoisier appears to have 
been the first to prove that carbonic aoifi vwiii formed when carbon combined with 
oxygen, but its composition was first analytically demonstrated by Smithson Ten¬ 
nant, who heated carbonate of lime with phosphorus in a sealed glws tube, and 
obtained phosphate of lime and carbon, the latter having parted with its oxygon to 
convert the phosphorus into phosphoric acid. 

A far easier method of demonstrating the composition of carbonic acid consists m 
introducing a pellet of potassium into a bulb tube, through which a current of car¬ 
bonic acid (dried by passing through oil of vitriol, or over chloride of calcium) is 
fiowing, and applying the heat of a spirit-lamp to the bulb. The metal will soon 
bum in the gas, which it robs of its oxygen, leaving the carlmn as a black mass upon 
the bulb (fig. 86). The potash produced by the oxidation of the potassium enters 
into combination with another portion of the carbonic acid, forming a white mass of 
carbonate of potash, 3CO, = ^(KjO. COj) -f C. If slices of sodium be arranged 
in a test-tube in alternate layers with dried chmk (carbonate of lime), and strongly 
heated with a spirit-lamp, vivid combustion will ensue, and much carbon will be 
separated (CaO . OOj + Na^ = CaO -f 2NajO -f C). 

When the action of the sodium upon carbonic acid is moderated by employing it 
in the form of a mixture with pure diy sand, and by keeping the temperature below 
the boiling-point of mercury, oxalate of sodium is produced by the combination of the 
sodium wfth the elements of the carbonic acid, Naj + 200, = NasCfi 04 (oxalate of 
sodium). 



Fig. 86. 


64. Carbonic oxide (CO = 28 parts by weight = 2 volumes),—Other 
metals, which are not endowed with so powerful an attraction for oxygon, 
do not cany the decomposition of carbonic acid to its final limit; thus, 
iron and zinc* at a high temperature will only deprive the gtis of one-lialf 
of its dkygen, a result which may also be brought alwut at a red heat by 
carbon itself. If an iron tube tilled with fragments of charcoal ho heated 
to redness in a furnace (fig. 9), and carbonic acid gas be transmitted 
through it, it will be found, on collecting the gas which issues from the 
other extremity of the tube, that it has no longer the properties of carbonic 
acid, but that, on the approach of a taper, it takes fire, and^ums with a 
beautiful blue lambent flame, similar to that which is often observed to 
play over the surface of a clear fire. Both flames, in fact, are due to the 
same gas, and in both cases this gas results from the same chemical 
change, for in the tube the carbonic acid yields htdf of its oxygen to the 
charcod, both becoming converted into carbonic oxide; CO, -t- C = 2C0. 
In the fire, the carbonic acid is formed by the combustion of the carbon 
of the fuel in the oxygen of the air entering at the bottom of the grate; 
and this carbonic acid, in passing over the layer of heated carbon in the 
upper part of the fire, is partly converted into carbonic oxide, which 

* Magnesium also reduces carbonic acid to carbonic oxide. 
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inflames wlien it meets with the oxygen in the air above the sniface of the 
fuel, and bums with its characteristic blue flame, reproducing <»rbonic 
acid. 

The carbonic oxide occupies twice the volume of the carbonic acid from 
which it was produced. 

This conversion of carbonic acid into carbonic oxide is of great import¬ 
ance on account of its extensive application in metallurgic operations. It 
is often desirable, for instance, that a flame should be made to play over 
the surface of an ore placed on the bed or hearth of a reverberatory to- 
naco (fig. 87). This object is easily attained when the coal affords a large 



Fit;. ^7. —lU*\erlierat<)i'y furnace for copper smelting. 


quantity of inflammable gas; but with anthracite coal, which bums with 
very little flame, and is fitMiuently employed in such furnaces, it is neces¬ 
sary to jjile a high column of coal upon the grate, so that the carbonic 
acid formed beneath may be converted into carbonic oxide in passing over 
the heated coal above, and when this gas reaches the hearth of the fur¬ 
nace, into which air is admitted, it bum.s with a flame which spreads 
over the surface of tlie ore. 

The attraction of carbonic oxide for oxygen is turned to account in'" 
removing that element from combination with iron in its ores, as will be 
seen hereafter. * 

Carbonic oxide is a gas of so poisonous a character that, according to 
Lohlanc, one volume of it diffused through 100 volumes of air totally 
unfits it to sustain life; and it appears that the lamentable accidents 
which too frequently occur fiom burning charcoal or coke in braziers and 
chafing-disbes in close rooms, result from the poisonous effects of the small 
quantity of carbonic oxide which is produced and escapes combustion, 
since the amount of carbonic acid thus diffused through the air is not 
sufficient in many cases to account for the fatal i-esult 

65. The knowle<ige of this poisonous chameter of carbonic oxide gave 
ristj, a few years since, to considerable apprehension when it was proposed 
to employ this gas in Paris for purposes of illumination. The character 
of the flame of carbonic oxide would appear to afford little promise of its 
utility as an illuminating agent; but tlmt it is possible so to employ it Is 
easily demonstrated, by kinAing a jet of the gas wWch has "^en pawed 
tliTOugh a wide tube containing a little i^ttoa- moistened with recti fied 
coal naphthi; (benzole), when it will be found to bum with a very luminons 
flame.™ The carbonic oxide destined to he employed for illuminating paiv 
poses was prepared by passing steam, Qxe]g..Je4„bot„. ooke or /when 
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a highly ihflammahle gas was obtaine^i contamiag oarhonic acid, carbonic 
oxide and hydrogen— ^ * 

f , : 4H,0 + C, = CO. + 2CO + H,. 

Since neither hydro^ nor carbonic oxide bums with a luminous flame, 
till a gas was next passed into a vessel containing red-hot coke, over which 
’’melted resin was allowed to trickle. The action of heat upon the resin 
^ive rise to the production of vapours similar to that of the benzole em¬ 
ployed in the above experiment, and which, in like manner, conferred 
considerable illuminating power upon the gas. 

; The decomposition of steam by red-hot carbon is also taken advantage 
of in order to procure a flame from anthracite coal when employed for 
heating boilers. The coal being burnt on Jutli-hdlied bars, beneath which 
a quantity of water is placed, the radiated heat converts the water into 
steam, which is carried by the draught into the fire, where it furnishes car¬ 
bonic oxide and hydrogen, both capable of burning with flame under the 
bottom of the boiler. The temperature of the bars is also thus reduced, so 
that they are not so much injured by the intense licat of the glowing fuel. 

66. Carbonic oxide, unlike carbonic acid, is a permanent gas, and 
nearly insoluble in water. It is even lighter than air, its specific gravity 
being 0*967. In its chemical relations it is an indiffureut oxide, that is, 
it has neither acid nor basic properties. 

67. A very instructive process for obtaining carbonic oxide, consists in heating 
crystallised oxalic acid with three times its weight of oil of titriol. If the gas be 
collected over water (iig. 88), and one of llic jars be shaken with a little lime*water, 

the inilkiness imparted to the 
latter will indicate abundance of 
carbonic acid; whilst, on reinov* 
hig the glass plate, and apjdying 
a light, tlie carbonic oxide will 
burn with its chai'acteristic blue 
ilame. The gas thus obtained is 
a mixture of equal volumes of 
carbonic oxide and carbonic acid 
gases. Crystallised oxalic acid 
is represented by the fonnula 
C^Hj 0 .. 2 Aq., and if the water 
of cn'stallisatiou be left out of 
consideration, its decomposition 
may be represented by the equa¬ 
tion— 

C.H.O, = H.O -f 00 -f. 0 ()„ 

the change being determined by 
the attraction of the oil of vitriol for water. To obtain pure carbonic oxide, the 
mixture of gases must he passed through a bottle containing solution of potash, to 
absorb the carbonic acid (fig. 89). 

But pure carbonic oxide is much more easily obtained by the action of four parts 
of oil of vitriol uiion one part of crystallised ferrocyanide of potassium (yellow prus- 
siate of potash) at a moderate heat, the lamp being removed as soon as the effer¬ 
vescence bedns to take place. Since the gas contains, espeoiallv at the commence¬ 
ment, smair incidental quantities of solphurous and carbonic acids, it must be passed 
through solution of potash if it be required perfectly pure. The chemical cdiange 
which occurs in this process is expressed thus :— * 

K.C,N,Fe -f- CH.O + 6(H,O.S0,) « 

Ferrocyanide of 
potaasluni. 

Ij., flCO + 2{KsO.SO,) -f. 8[(NH,)j.H,0.S0,l + FeO.SO. 

Solptutte of potash. Snlphate of ammonia. Sulphate of iiou. 



Fig. 88. 
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68. To demonstmte the production of carbonic acid during the oonibuation of 
carbonic oxide^ a jar of the gas ia closed with a glass plate, and after placing it upon 
the tabl^ the plate is slijtpM aside and a little lime>water qnickljr poured into the 
jar. On shaking, no miikiness indicative of carbonic acid should be perceived. The 
plate is then removed, and the gas kindled. On replacing tiie plate and shaking the 
jar, an abundant precipitation of carbonate of lime will take ^ace. 



Fig. S!).—I’reparatioii ol ciu’bouic oxide. 


"NVIk'H ciirlioiiii' oxide i.s p:iss<‘d throngh a red hot porcelain tube, a ])oi'tiou of it is 
deiouiposed into earbonio ueid atul carbon ; and when the exiwrinient is conducted 
without sjuiiul iirraiigfnu*iit.s, the i-arboiiie oxide is rcmcduccd as the teniperature of 
the gas falls. lJul by passing through the centre of the jwrcelain tube a brass tube, 
through wlih h cold water is ke]»l ruuiihig, the decomposition Jias been demonstrated 
by the deposition of carbon upon the cooled tulie, and by collecting the carbonic acid 
torined. 

(.‘arbonie acid is also decomposed by intense heat into carbonic oxide and oxygen ; 
but if these, gases be allowed to cool down slowly in contact, they recombine. Tlie 
gas drawn from the hottest region of a hlast-furnace p'r Ikon), and rapidly 
cooled, so as lo jneveut rccomhination, was found to contain lioth carbonic oxide and 
oxygen. 

I5y i>a.ssirig a iiellct of phosphorus uji into earboiiic acid, over mercury, in a eudio- 
Tuetcr and jiassing electric sparks for some days, the gas has been entirely decom* 
posed, an emial volume of carhonic o.vide being left. 



ITie reducing action of carbonic oxide upon metallic oxides, at high temperatures, 
may be illitstruted by x»t88ing the {rare gas from a bag or gas-boloer. first throng 
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a botHa of lime*watef (B, £g. 90), to ptoTO tiia absence of .carbonic acid, then over 
oxide of copper, contained in tbe tnbe C, and afterwards^ a^n through lime-water 
in 1). YHien enough gas has been passed to expel the air, neat may Tie applied to 
the tube by the gaUze-burner E, wnen the formation of carbonic acid will be im¬ 
mediately wown by the second portion of lime-water, and the black oxide of copper 
will be reduced to red metallic copper. 

If precipitated peroxide Of iron be substituted for oxide of copper, iron in the state 
of black powder will be left, and if allowed to cool in the stream of gas, W'ill take fire 
when it is shaken out into the air, becoming reconverted into the peroxide (iwi 
pyrophorua). 

69. Composition by volume of carbonic oxide and carlmiic acid. —When 
carbon burns in oxygen, the volume of the carbonic acid produced is 
exactly equal to that of the oxygen, so that one volume of oxygen fur¬ 
nishes one volume of carbonic acid gas, or a molecule (2 vols., see p. 36) 
of carbonic acid contains 2 vols, of oxygen. 

When one volume of carbonic acid (containing one volume of oxygen) 
is passed over heated carbon, it yields two volumes of carbonic oxide; 
hence two volumes, or one molecule, of this gas contain one volume of 
oxygen. 

Specific gravity (to H) of CO^ i.e,, weight of one volume, . 22 

Specific gravity (to H), or weight of one volume, of O, . . Hi 

Weight of carbon in one volume of CO^, ^ .... 0 

Hence, a molecule, 2 vols. or 44 parts by weight, of CO^, contains 12 parts by 
weight of carbon. 

Specific gravity (to H), or weight of one volume, of CO, = 14 

Weight of two volumes of CO,.28 

„ one volume of 0,.16 

Weight of carbon in two volumes (or one molecule) of CO, 12 

70. The atomic weight of carbon is generally assumed to be 12, 
though, in consequence of the impossibility of determining the weight 
of one volume of carbon vajiour by ex[)eriment, the cliemist is compelled 
to surrender himself in this matter to the guidance of analogy and of pitrely 
theoretical considerations. 


COMrOUNllS OF Cakuon and IIyouwjen. 

71. No two elements are capable of occurring in so many dill'erent 
forms of combination as carbon and hydrogen. The hgdrocarhms, as 
their compounds are generally designated, include most of the inflammable 
gwes which are commonly met with, and a great number of tbe essential 
oils, naphthas, and other useful substances. There is reason to believe 
that all these bodies, even such as are found in the mineral kingdom, 
have been originally derived from vegetable sources, and their history 
belongs, therefore, to the department of organic chemistry. The three 
simplest examples of such compounds will, however, be brought forward 
in this place, to afford a general insight into the mutual relations of these 
<^two important elements. Their names wad composition are— 
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Femrala. 

(3 vohb) 

Parts by Weight. 

0 

H 

Acetylene, . 


24 

2 

Marsh-gas, . 

CH^ 

12 

4 

Olefiant gas, 


24 

4' 


72. Aeetyleiie *—When very intensely heated, carbon is capable of 
combining with hydrogen to" form acetylene. The requisite heat is pro¬ 
cured by means of a powerful galvanic battery, to the terminal wires of 
which two pieces of dense carbon are attached, and tlie voltaic discharge is 
allowed to take place l»etween them in an atmosphere of hydrogen. The 
experiment possesses little practical importance, because but little acety¬ 
lene is formed in proportion to the force employed, but its tlieoretical 
interest is very great, since it is the first step in the production of organic 
substances by the direct synthesis of mineral elements ; acetylene 
being convertible into olefiant gas (CgHJ, this last into alcohol (CglljO), 
and alcohol into a very large number of organic products. 

Acetylene is constantly found among the products of the incomplete 
combustion and destructive distilla¬ 
tion of substiuices ricli in carbon, 
hence it is always present in small 
quantity in coal-gas, and may lie pro¬ 
duced in abundance by passing the 
vaiKUir of ether through a rod-hot 
tube. Th^ character by whicli acety¬ 
lene is most easily recognised is that 
of jiroducing a fine red inecipilatc in 
an aminouiacal solution of cuprous 
chloride (suhchlorido of copper.) 

The most coiivenicut process for ]>ve- 
paring a quantity of this {tredpitate, is 
that lu which the acetyloue is ]irod«ced 
by the iiiqHTfect coiubustioii taking place 
wtien a jet of atmospheric air is 
to huni in coal-gas. 

An adapter (A, fig. 91) is connected at 
its narrow end with the pipe supjdying 
coal-gas. The wider opening is closed by a 
bung with two holes, one of which receives 
a piece of brass tube (B) about three- 
quarters of an inch wide and seven inches 
long, and in*the other is inserted a glass 
tube (C) which conducts the gas to the 
bottom of a separating funnel (D). The Pig. 91—Preparation of cuprous acetylide. 
lower opening of the brass tube B is closed 

with a cork, through which passes the glass tube £ connected with a gas-holder or 
containing atmospheric air. TeP commence the operation, the gas is turned on 
through the tube F, and when all air is supposed to be exiielled, the tube E is with- 

• Long known as Humene, having been obtained in 1886 by the action of water upon a 
oompouM containing carbon and potassium, produced during the preparation of that 
metaL The name acetylene is derived from the hypothetical radical acetyls to 

which acetylene beats the same relation os ethylene <G,H 4 ) does to ethyls (C^,). 
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drawn, togetKer with, ito cork, and a light is applied to the lower opening of the 
brass tobe, the supply of coal-gas being so regulated that it shall bum with a small 
flame at the end of the tube. A feeble current of air is then allowed to issue from 
the tube £, which is passed up through the flame into the adapter, where the Jet 
of air continues to burn in the coal-gas,* and may be kept burning for hours with 
a little attention to the proportions in which the gas and air are s«ppliei A solu¬ 
tion of snbchloride of copper in ammonia is poured into the se{iaTating funnel 
through the lateriU opening G, so that the imperfectly burnt gas may pass through 
it, wuen the cuprous acetylide is precipitated in abundance. When a sufficient 
(mantity lias been formed, or the copjwr solution is exhausted, the lii^uid is run out 
through the stop-cock (H) on to a filter, and replaced by a fresh portion.^ The pre¬ 
cipitate may be rinsed into a flask provided with a funnel tube and delivery tube, 
allowed to subside, the water decanted from it, and some strong hydrochloric acid 
loured in through the funneL On heating, the acetylene is evolved, and may be 
collected, either over water, or more oconoinically in a small gas-b^, or in a mer¬ 
curial gas-holder. I’o obtain a pint of the gas, as much of the moist copijcr preci¬ 
pitate is required as will measure about six ounces after settling down. Suoh a 
quantity may be prepared in about six hours. 

A solution of TOorous chloride suitable for this experiment is conveniently pre¬ 
pared in the foUor^'g manner: 500 grains of black oxide of co})per arc dissolved 
in seven measured ounces of common hydrochloric acid, in a flask, and boiled for 
about twenty minutes with 400 grains of copper in tilings or fine ttimings. The 
brown solution of cuprous chloride in hvdrochloric acid thus obtained is poured into 
about three jiiuts of water contained in a bottle; the white precipitate (cuprous 
chloride) is allowed to subside, the water drawn off with a siphon, and the pre¬ 
cipitate rinsed into a twenty-ounce bottle, which is then quite filled with water and 
closed with a stopper. When the prec,i])itute has again subsided, the water is drawn 
off, and four ounces of powdered chloride of aramoiiiniu are introclucwl, the bottle 
being again filled up with water, closed and shaken. The cU]>rous cliloriile is entirely 
dissolved by the chloride of amiuoniiuu, but would Imj reprecipitated, if more water 
were addeq/ When required for the precijiitation of acetylene, tin; solution may 
be mixed with about one-tenth of its bulk of stiniig amuiouui (‘880), which may be 
poured into the scjiaratiiig funnel (D) before the copi^ier solution is introduced. 
Four measured ounces of the .solution are sufficient for one charge, and yield, in 
three hours, about three measured ounces of the moist j)rci ipitate. The blue solu¬ 
tion of ammouiacal cupric chloride, flltered from the red precijutatCj^niay be ren¬ 
dered serviceable again by being shaken, in a stojipercd bottle, witu jirecipitated 
copper, prepared by reducing a solution of sulphate of copper, acidulated with hydro¬ 
chloric acitf, with a plate of zinc. 

The red precipitate is said to consist chiefly (»f the oxide *of a com¬ 
pound formed from acetylene by the suhstituti(jn of Cu for II. This 
compound, Cj,CuH, ]ia.s been luirued by IJerthclot CKjmjs-aretijIe, and 
may be regarded as the radical of a serie.s of compounds. If but little 
free ammonia be pre.seiit in tlie solution of cuprous chloride, the pre¬ 
cipitate will contain the cliloride oC-Jcupros-acetyle, ((.'.^Culi) CT, as well 
as the oxide. 

If the acetylene copper precipitete ho collected on a filter, wa.shed, luid 
dried either by mere exposure to the air, or over oil of vitriol, it will be 

( found to e xj)lod e with some violence when gently heated, and it is said 
that the a ccidenta l formation of this compound in copper or brass 
pipes, through which c oal-gas passe s, has occasionally givmi' rise to ex¬ 
plosions. 

^ When acet 3 deuc is passed through solution of nitrate of silver, a white curdy pre¬ 
cipitate is formed, resembling cMoride of silvea in appearance, but imsolnble iii 
ammonia (which turns it yellow) as well as in nitric acid, it may lie obtained by 
allowing the imperfectly burnt gas frem the apparatus in fig. 91 to pass througli 
nitrate of silver. ./ox -o 

* It is advisable to attach a pietic of thin platinum wire to the mouth of the glass tube 
to render the flame of the air more visible. 
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'When this precipitate is washed and allowed to dry, it is violently explosive if 
heated, though it may be hammered without exploding.* A minuteiragment of it 
placed on a gloss plate, and touched with a red-hot wire, detona^s loudly and 
.shatters the glass l&e Mminate of silver. The explosive silver compound is said 
to contain the oiddc of argmt-acM.yU <CjAgaH)j,0, the chloride corresponding to it, 
(C.Ag,H) Cl, being precipitated when acetylene is passed through a solution of 
cluonde of silver in ammonia. In a solution of hyposulphite of gold and sodium, 
acetylene gives a yellowish very explosive precipitate. 

'When TOtassium or sodium is heated in excess of acetylene, it is said that one 
half of the hydrogen is displaced by the metal, forming ocetylide of .potassium 
(CgHK) or of sodium ((j.HNa), a portion of the acetylene being converted into ole- 
hant gas (C.H 4 ) by com'biaation with the displaced hydrogen. When heated to dull 
redness, souinm completely decomposes acetylene, C^Na, being obtained. Both 
these sodium coin|)ounds are violently decomposed by water, acetylene being repro¬ 
duced. 

The copious formation of acetylene during the Imperfect combustion of ether is 
very readily shown by introducing a few.drops of ether into a test-tube, adding a 
little ammoniucal solution of cuprous chloride, kindling the ether-vapour at the 
mouth of the tube, and inclining the latter so as to expose a large sunace of the 
copper solution, when a lerge iiuantity of the red cuprous acetylide is produced. If 
nitrate of silver be substituted for the copper solution, the white precipitate of oxide 
of aigent-ucetyle is formed abundantly. 

Acetylene has been found accompanying the vapour of hydrocyanate of ammonia 
produced by the action of ammonia on red-hot charcoal. 

Acetylene is u colourless gas liaving a peculiar odour, recalling that of 
the geranium, wliich is always perceived where coal gas is undergoing 
imperfect combustion. It hums with a very bright smoky flame. Its 
most remarkable property is that of i nflamin g spo ntaneously when brough t, 
ill conta ct with chlor ine. If a jet of the gas he allowed to pass into a 
bottle of chlorine, it will take lire and hum ivith a red flame, depositing 
much carbon. When chlorine is decanted up into a cylinder containing 
acetylene standing over water, a violent explosion immediately takes 
place, attended with a vivid fla.‘«h, and separation of a large amount of 
carbon; Cj.H„ + Cl, = + 311 Cl. 

When acetylene is piissed into water, it is absorbed in sufficient quan¬ 
tity to impart a strong smell to the water, and to yield a decided precipi¬ 
tate with ammoniucal cuprous chloride and with nitrate of silver. 

The action of heat upon acetjdenc is very remarkable and instmetivc, 
since it results in tlie fonuation of a complex body from one which is less 
complex in composition. When heated in a glass tube for half an hour 
to the iioint at w'hich the glass began to soften, it was found to be 1 * 6 - 
duced to oiie-flfth of its original volume, the greater portion of it having 
been converted into a liiiuid hydrocarbon, sfyrofc, C^H^, liitherto obtained 
from the vegetable gum-resin known as storax. The remaining gas was 
chiefly hydrogen (a little carbon having separated) with a little olefiant 
gas. Benzole (CgH^ has been formed, in a similar w’ay, from tliree mole¬ 
cules of acetylene. When heated in contact with coke or iron, the hulk 
of the acetylene is decomposed into its elements. 

By .suspending the acetylene copper precipitate in solution of ammonia, 
and heating with a little granulated zinc, Berthelot has induced the acety¬ 
lene to combine with the {iiament) hydrogen to form olefiant gas 
<W. 

When a mixture of acetylene W'ith nitrogen is acted on by a succes¬ 
sion of electric sparks, hydrocyanic or jirussic acid (HCN) is produced 
by their direct union. 

* But if tbe precipitate i« prepareil from a sUgbtly amtuoniacal eoliitiou of ulti'ate of 
silvta*, it explodes violeotly under the hammer. 
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73. Ohfiant gaa (C,Hj = 28 parts by vreigbt = 2 vola.)—^This gas 
is found in larger quantity than acetylene, among the products of the 

action of heat upon coal and 
other substances rich in carbon, 
and it is one of the most im¬ 
portant constituents of the illu¬ 
minating gases obtained from 
such materials. 

Olefiant gas may readily be 
prepared by the action of strong 
sulphuric acid (oil of vitriol, 
HjO.SO,) upon alcohol (spirit 
of wine Cj,HgO). 

Two nieasuros of oil of vitriol are 
introduced into a flask (fig. 92), and 
one measure of ali^oliol is gradnally 
Fig. 92.—Pivparation of olefiant gas. poured in, the flask Iwiiig agitotell 

after each addition of the acid; much 
heat is evolved, and there would he danger in mixing large volumes suddeuly.* 
On applying a moderate heat, the liuuid will darken in cohiur, eflervestience will 
take place, and the gas may be collected in jars filled with water. When the 
mixture bus become thick, and the evolution of the gas is slow, the end of 
the tube must be removed from the water and the lamp e\iitigui.shed. Thnt! 
measured ounces of spirit of wine generally give about 600 cubic inches of 
olefiant gas. 

The gas will he found to have a very peculiar odour, in whicli that of ether and 
of sulphurous acid are perceptible. One of the jars may be closed with a gla&s 

J tlate, and placed uj>ou the table with its month upwards; on the npproacli of a 
lame the gas will take fire, burning with a bright white flame characteristic, of olefiant 
ggs, and seen to best advantage whe.n, after kindling the gas, a stream of water is 
jamred down into the jar in order to displace the gas (tig. 93). 

Auoihcr jar of the gas may he well washed by 
imusferring it repcate<lly from om* jar to another 
under water, a little solution of potash may then be 
poureil into it, and the jar violently shaken, its mouth 
being covered with a glass plate ; the {iota.sh will re¬ 
move all the .sulphurous acid, and tlie gas will now 
exhibit the peculiar faint oilour which ladongs to ole¬ 
fiant gas. 

The purified gas may be tniusferred, umler water, 
to anotlier jar, kindled, and allowed to burn out; if 
a little lime-water be then shakeir in the jar, its tur¬ 
bidity will indicate the preseime of carbonic acid, 
W’hieh is produced, together with water, when olefiant 
gas burns in air iXyi* -t- O, = 2(;0, + 2H.p. 

On comparing tiie composition of olefiant 
gas (CjHJ with that of alcohol (CsH„0), it 
is evident that the former may be supposed 
to he produced from the latter by the ab¬ 
straction of a molecule of water (H^O) which 
is removed by the sulphuric acid, though 
other secondary changes take place, resulting 
Fig. 93. separation of carbonaceous matter and 

the production of sulphurous acid. A more 
complete explanation of the action of sulphuric acid upon alcohol must 
be reserved for the chemical history of this compound. 

* *ti<ibyl*ted spirit he employed, the mixture will have a dark red-btoWn colour. 
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Olefiant gas derives its name from its property of uniting vnUi 
chlorine and bromine to form oily liquids, a circumstance which is 
applied for the determination of the pro¬ 
portion of this gas present in coal-gas, 
upon which great part of the illuminat¬ 
ing value of coal-gas depends. The com¬ 
pound with chlorine (CjH^('l„) is known 
as Dutch liquid, having been discovered 
by Dutch chemists, and is remarkable 
for its resemblauce to chloroform in 
odour. 


To exhibit the 
a (^uart cylinder 
olefiant gas, and 
ra[)idly passed up 
gas, uuucr water. 


formation of Dutch liquid, 
(fig. 94) is half filled with 
hiuf with chlotine, which is 
into it, from a bottle of the 
The cylinder is then closed 
with a g 1 a 8 .<i plate, and suiqiorted with its 
mouth downwaids under water in a s/’mrafing 
fmnd furnished with a glass stop-cocK. The 
volume of the mixed gases begins to diminish 
immediately, drops of oil being formed u|)on 
the side of the cylinder and the surface of 
the water. As the drops increase, they fall to 
the bottom of the funnel. Water must be jioured 
into the lunnel to replace that which rises into 
the cylinder, and when the whole of the gas has 
disappeared, the oil may be drawn out of the 
fiiniud through the stop-cock into a test-glass, in 
which it is shaken with a little potash to absorb 





Fig. 94. 

any exces.s of chlorine. The fra¬ 


grant odour of the Dutch liijuid will then be perceived, esi>ecially on 
pouring it out into a slinllow dish. 

In applying this princi]> 1 e to the measurement of the illuminating 
hydrocurlmns in coal-gas, daylight must la; excluded, or an error w'ould 
be caused by the union of the tree hydrogen with the chlorine or bro¬ 
mine.. The bromine test may be applied in the tube represented in 
fig. 96. The gas to bo examined is measured over water in the divided 
limb a, with due attention to temperature and pressure ; the tube being 
held i)erpeudieularly, the limli b will ramain nllcd with water, so that 
gas cannot escape nor air enter. A drop or two of bromine is yioured 
mto this limb, which is then depressed Vameath the water in the pneu¬ 
matic trough, and closed by the stopper c. On sluikiug the gas with 
the water aud bro^iine, the latter will absorb the illuminating hydro¬ 
carbons, and if the tube bo again ojiened under water, the volume of 
the gas in a \rill be found to have diminished, and the diminution gives 
an approximate estimate of the olefiant gas and other illuminating 
hydrocarWus. 

A veiy instructive experiment consists in filling a three-pint cylinder 
one-third full of olefiant gas, then rapidly filling it up, under water, 
with two jiints of chlorine, closing its mouth with a glass plate, shaking 
it to mix the ga.ses, slijiping the plate aside and applying a light, 
when the mixture burns with a red flame which passes gradually 
down the cylinder, and is due to the combiuation of the hydro¬ 
gen with the chJoriue, the whole of the eai bou being separated in the 
solid state— 

CaH4 -I- Cl« = 4Ha + C,. 


« 


■\ll 

Fig. 95. 


When olefiant gas is subjected to the action of high temperatUTes, as 
by passing through heated tubes, one portion is decomposed into mareh- 
gas (CHj) with separation of carbon, whilst another portion yields 
acetylene (CHy and hydrogen; these decompositions will he found to he 
of great importence in the manu&cture of co^-gas. 




94 MAKSH-GAS. 

The action of heat upon oletiant gas is most conveniently shown exposing it to 
the spark from an induction’coil. 

The gas is confined in a tube (A, fig. 96) which is placed 
in a cylindrical jar (B) containing mercury. Throng the 
meremy passes a copper wire (C) thrust through a glass 
tube (D) to insulate it from the mercury; this wire is con¬ 
nected with one of the wires (E) from the induction coil, 
whilst tlie other (F) is allowed to dip into the mercury con¬ 
tained in tte cylinder. On putting the coil in action (with 
two or three cells of Grovers battery), the spark will pass 
between the extremity (C) of the insulated copper wir4 and 
the surface of the mercury in the tube, deeom|>osing the ole¬ 
fiant gas in its passage, and causing a separation of carbon, 
which sometimes forms a conducting communication, and 
allows the current to pass w’ithotit a spark. Tliis may he 
obviated by reversing the current, or by gently shaking the, 
tube. 

The olefiant gas will exmind to nearly twee its former 
volume, so that the tube wfl gratlually rise in the mercury, 
but the same distance jnay always be maintained for the 
passiigo of the s]uirk. 

To show the production of acetylene, another arrangement will bo found con¬ 
venient (fig. 97). A globe 
w'ith four necks is employed; 
through two of these necks 
arc passed, air-tight with per¬ 
forated corks, the copper 
wires eonneeted with the in¬ 
duction coil. A third neck 
receives a tube, conveying 
oleliant gas from a gas-hold¬ 
er, whilst from the fourth 
proceeds a tube dipping to 
the bottom of a small cylin- 
»ler. When the whole of the 
air has been dis]>laced by ole¬ 
fiant gas, a solution of sub- 
chloride of copper in am¬ 
monia is poured into the 
(ylinder, and the gas allowed 
to bubble through it, wlien 
the absence of acetylene will 
he .shown by there being no 
red compound formed. As 
soon, however, as the spark 
i.s passed, fhc rcil precipitate 
will appear, and, in a very 
few raiiuites, a large quantity 
will he deposited. Coal-gas 
may he employed instead of 
olefiant gas, hut of course less 
Fig. 97.—Preparation of cuprous acetylide from of the mpper-coraxKmnd will 

olefiant gas. be obtained. 

74. Marsh-gas^ or light earlmretted hydrogen (CH^ =16 parts by 
weight = 2vols.)—Unlike acetylene and olefiant gas, this hydrocarbon is 
found in nature, being produced wherever vegeteble matter is undergoing 
decomposition in the presence of moistuje. The bubbles rising from 
stagnant pools, when collected and examin^, are found to contain marsh- 
gas mixed with carbonic acid, and there is reason to believe that these 
two gases represent the principal forms in which the hydrogen and 
oxygen respectively were separate from wood during the process of its 
convetsioil into coal. This would account for the constant presence of 
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ITiis gas in the coal-forniatione, where it is usnally termed fire-damp. It 
is occasionally found pent up under pressure between the layers of coal, 
and the pores of the latter are sometimes so full of it that it may be seen 
rising in bubbles when the bfeshly hewn coal is thrown into water*. Per¬ 
haps a similar origin is to be ascribed to the liquid hydrocarbons chemi¬ 
cally similar to marsh-gas, which are found so abundantly in Pennsylvania 
and Canada, and are known by the general name of petuvlmm. 

is obtained artificially by the following process■ 

600 grains of dried acetate of soda are finely ]>owdered, and mixed, in a mortar, 
with 200 grains of solid hydrate of potash, and 300 grains of powdered quicklime (or 
with 500 grains of the mixture of hydrate of lime and hydrate of soda, which is sold 
as soda-lime). The mixture is heated in a Florence flask (or better, a copper tube, 
for the alkali corrodes the glass), and the gas collected over water (tig. 98). 



The decomposition will he evident from the following equation ; 

NaCallaOj + NaHO = NagO.CO, + 

Acetate of* wxlii Coustic sodn. Caib. of soilii. 

The marsh-gas will In* easily recognised hy its burning with a pale 
illuminating flame, far inferior in brilliancy to those of olefiant gas and 
acetylene, hut unattended with smoke. 

The properties of this gas deserve a carefiil study, on account of the 
frequent fatal explosions to Avhic.h it gives rise in coal-mines, where it is 
often found accumulak'd under pressure, and discharging itself with con¬ 
siderable force from the fissures or hloirers made in hewing the coal. 
Marsh-gas has no characteristic smell like coal-gas, and the miner thence 
receives no timely warning of its presence; it is much lighter than air 
(sp. gi*. 0*5596), and therefore very readily diffuses* itself (pge 16) 
though the air of the mine, with which it forms an explosive mixture as 
soon as it amounts to one-eighteenth ef the volume of the air. The gas 
issuing from the blower woul<| burn quietly on the application of a light, 
since the n ^jay ah- pt s is not explosive unless mixed with the air, when a 
large volume the gas"is burnt in an instant, causing a sudden evolution 

* AnseWs^re-damp indicator is an apparatus in which the high rate of diflhsioQ of 
manh-gas ia taken advantage of in order to detect its presence in the air of mines. The 
experiment described at page 18 illustrates its principle. 
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of a gi»at deal of heat, and a consequent sadden expansion or explosion 
exerting great mechanical force. The most violent explosion, takes place 
when one volume of marsh-gas is mixed with two volumes of oxygen, 
since this quantity is exactly sufiicieut to effect the complete combustion 
of the carbon and hydrogen of the gas, and therefore to evolve the greatest 
amount of heat: CH^ + 9* = CO, 4- 2HjO. The calculated pressure 
exerted by the exploding fixture of marsh-gas and oxygen amounts to 
37 atmospheres, or 555 lbs. upon the square inch. Since air contains one- 
fifth of its volume of oxygen, it would be necessary to employ* ten 
volumes of air to one volume of marsh-gas. in order to obtain perfect com¬ 
bustion, but the explosion will be much less violent on account of the 
presence of the eight volumes of inert nitrogen, tl^b calculated pressure 
exerted by the explosion being only 14 atmospheres, or 210 lbs. on the 
square inch. Of course, if more air is employed, the explosion will be 
proportionally weaker, until, when there are more than eighteen volumes 
of air to each volume of marsh-gas, the mixture will be no longer explosive, 

; but will bum with a pale flame around a taper immersed in it. The car¬ 
bonic acid resulting from the explosion is called by miners the after-ilamp, 
and its effects are generally fat^ to those wdio may have escaped death 
from the explosion itself. 

/ Fortunately, marsh-gas requires a much higher temperature to inflame 
I it than most other inflammable gases; thus a solid body at an ordinary 
I red heat does not kindle the gas, contact with flame, or with a body 
f heated to whiteness, being required to ignite it. 


If two strong gas cylinders be filled, respectively, with mixtures of 2 vols. hydrogen 
with 1 vol. oxygen, and of 1 vol. marsh-gas and 2 vols. oxygen, it will he found, on 
holding them with their mouths downwai-ds, and inserting a red-hot iron bar (fig. 99), 

that the marsh-gas mixture will not explode, but 
if the bar be transferred at once to the hydrogen 
mixture, explosion will take place. A lighted 
taper may then be used to explode the marsh-gas 
. and oxygen. 

Coal-gas, although answering very well for many 
illustrations of the properties of marsh-gas, cannot 
be used in this experiment, since some of its con¬ 
stituents inflame at a far lower temperature. 

In consequence of the high temperature 
required to inflame the mixture of marsh- 
gas and air, it is necessary that the mixture 
be allowed to remain for an appreciable 
time in contact with the flame before its particles are raised to the 
igniting point. It was on this principle that Stephenson’s original sa fety 
lamp was constructed, the flame being surrounded with a fall glass 
chimney, the rapid draught through which caused the explosive mixture 
to be hurried past the flame without igniting. 

To illustrate this, a copper fiinnel holding about two quarts (fig. 100) is employed, 
the neck of which has an opening of about ^ inch in diameter. The funnel being 
placed mouth downwards In the pneumatic trough, the orifice is closed with the 
finger, and half a pint of coal-gas passed up into the funnel. The latter is now 
raised firom the water, so that it may become entirely filled with air. By depressing 
the funud to a considerable depth m the water, the ap^ure being still closed by 
the fin^, the mixture will be confined under consideralde pressure, and if a lighted 
taper be held to apeitare, and the finger ronoved, it will be found that the 
mixture swe^ past the flame without explomng, until ^e water has reached the 
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Mune level hi the fnonel as In tiie trongh, when the gas coma to rest and explodes 
wHh great violence. 


Fig. 100. 

Davy’s safety lamp (iig. 101) is an application of the principle that 
ignited gas {flame) is extinguished by contact with a 
largo surface of a good conductor of heat, such as 
copper or iron. 

If a thin copper wire be coiled round into a helix, and care¬ 
fully placed over the wick of a burning taper (fig. 102), the flame 
will be at once extinguished, its heat being so rapidir trans¬ 
mitted along the wire that the temperature falls below the 
point at wmch the combustible gases enter into combination 
with oxygen, and therefore the combustion ceases. If the coil 
be heatcQ to redness in a spirit-lamp flame before placing it 
over the wick, it will not abstract the heat so readilj', and will Fig. 101.—Davylamp, 
not extinmiish the flame. If a copper tube were substituted 
for the coiled wire, the same result would bo obtained, and by employing a number 
of tubes of very small diameter, so that the metallic surface may be very large in 
proportion to the volume of ignited gas, the most energetic combustion may be 
arrested, as in the case of Hemmhig’s aafety jH, which 
consists of a brass tube tightly stuffed with thin cop]>er 
wires so as to leave very narrow passages, thus rendering 
it impossible tor the oxyhydrogen flame at the jet to pass 
back and ignite the mixture, in the reservoir. 

It is evident that the cx^ioBiire of a laige extent of cool¬ 
ing surface to-the action of the flame, may be effected 
eimer by increasing the length or by diminishing the 
width of the metallic tubes, so that wire gauze, which may 
be regarded as a collection of very short tube^ ^1 form 
an effectual barrier to flame, provided that’ it lias a sufli- Fig, 102 . 

cient number of meshes to the inch. 

If a piece of iron wire gauze, containing abont ^00 meshes to the square inch, be 
depressed upon a flame, it will extinguish that portion with which it is In contact, 
and the combustible gas which escapes through the gauze may be kindled by a 
lighted match held on the upper side. By holding the gauze two or three iiKmes 
above a gas jot, the gas may be lighted above it witiiout communicating the flame 
to the burner itself. 

When blazing spirit is poured upon a piece of wire gauze (fig. 108), the flame will 
remain upon i£e gauze, and the extini^ished spirit will pass throngh. A little 
beudzole or tarpeutine may be addedsto the spirit, so that its flame may be more vitible 
at a distance. 

The safety lamp is an oil lamp, the flame of which is sunonnded by a 
cage of ixon wire gaTu%, having 700 or 800 meshes in tile senate inch, 
and made double at the top where the heat of the flame chiefly pkQfs. 
This cage is protected by stout iron wires attached to a ring for suspends 

0 
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ittg the kmp. A brass tube passes up through the oil reservoir, and in 
this there sUdes, vdth considerable Mction, a wire bent at the top, so that 

the wick may be trimmed wil^out ta^g 
off the cage. 

If this lamp be sospended in a large jar, closed 
at the top with a perforated wooden cover (A, 
fig. 104), and having an aperture (B) below, 
tiuotigh which coal-gas may be admitted, the 
lamp will bum, of course in the ordina^ way; 
but if the gas be allowed to pass slowly into ue 
jar, the flame will be seen to waver, to elongate 
itself v^ considerably, and will be ultimately 
extingoiBned, when the wire cage will be seen to 
be fillm with a mixture of coal-gas and air burn¬ 
ing tranquilly writbin the gauze, which provents 
the flame from passing to ignite the explosive atmosphere surrounding the lamp ; 
that an explosive mixture i^ly fills the jar may be readily ascertamed by in¬ 
troducing, through an aperture (C) in the cover, the 
unprotect^ flame of a taper, when an explosion will 
take place. 

This experiment illustrates the action of the Davy 
lamp in a mine which contains fire-damp, and makes it 
evident that this lamp would afford complete protection 
if carefully used. It would obviously be unsale to allow 
the lamp to remain in the explosive mixture when the 
cage is filled with flame, for the gauze would either 
become sufliciently heated to kindle the surrounding gas, 
| 0 r womd be oxydised and eaten into holes, which would 
allow the passage of the flame. Nor should the lamp 
be exposed to a very strong current, which might pos- 
[sibly be able to carry the flame through the meshes. 

The great defect of the Davy lamp is that it 
Fig. 104. does not afford more than a glimmering light, so 

that even if the miners were prohibited from em¬ 
ploying any candles, they would (and experience has proved that they do) 
remove the wire cage at all risks. The lamp has been modified so as par¬ 
tially to remove this defect, by substituting glass or talc for some portions 
of the wire gauze. It is now usual, however, to employ the Davy lamp 
merely in order to test the state of the air in the (Afferent parts of the 
mine; for this purpose the firemen descend before the commencement 
of work every morning, and examine with their safety lamps every portion 
of the mine, giving warning to the miners not to approach those parts in 
which any accumiUation of fire-damp (or technically, “ sidphur”) is per¬ 
ceived. The miners then work with naked (SnSles, and iTaippears to bo 
not unusual to see a blue flame (or corpse light) playing around the 
candle;^ so that the miners may become accustomed to regard with little 
concern the very indication which shows that the quantity of fire-damp is 
only a little below that required to form an explosive mixture. When¬ 
ever naked flames are used in the mine there must always be great risk j 
in most seams of coal there are considerable accumulations of fire-damp; 
when a fismre is made,-the gas escapes very rapidly from the hloww^ and 
the air in its vicinity may soon become converted into an explosive mix¬ 
ture. In mines where small quantities of fire-damp are known to be 
continually escaping frdm the coal, ventilation is depended upon in order 
to dilute the gas with so large a volume of air that it is no longer explo- 
rivq, and finally to sweep it out of the mine; but it has occarionally 
happened ventilation has been interfered with by a door having 
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been lelE open in one of the galleries, or by a passage having been 
obstructed through the accidental falling in of a portion of the coal, and 
an explosive mixture has then been formed. 

Sthuctubb of Flams. 

75. The consideration of the structure and properties of ordinary 
flames is necessarily connected with the history of olefiwt gas and marsh- 
gaa Flame may be defined as gaseous matter, heated to the temperature 
at which it becomes visible, or emits light. Solid particles begin, for the 
most part, to emit light when heated to about 1000° F .; but gases, on 
account of their greater expansibility, must be raised to a far higher 
temperature, and hence the point of visibility is seldom attained, except 
by gases which are themselves eombustible, and therefore capable of 
producing, by their own combination with atmospheric oxygen, the reqm- 
sito degree of heat. The presence of a combustible gas (or vapour), 
therefore, i8_one of the conditions of the existence-of flame j a diamond, 
or a piece of thoroughly carbonised charcoal, will burn in oxygen with 
a steady glow, but without flame, since the carbon is not capable of con¬ 
version into vapour, while sulphur bums with a voluminous flame, in 
consequence of the facility with which it assumes the vaporous condition. 
It will be observed, moreover, that in the case of a non-volatile combus¬ 
tible, the combination with oxygen is confined to the surface of contact, 
whilst in the flame of a gas or vapour, the combustion extends to a con¬ 
siderable depth, the oxygen intermingling with the gaseous fuel. • 

Flames may be conveniently spoken of as simple or compound, accord¬ 
ingly as they involve one or more phenomena of combustion; thus, for 
example, the flames of hydrogen and carbonic oxide are simple, whilst 
those of marsh-gas and olefiant gas are compound, since they involve both 
the conversion of hydrogen into water and of carbon into carbonic acid. 

It is obvious that simple flames must be hollow in ordinary cases, such 
as that of a gas issuing from a tube into the air, the hollow being occu¬ 
pied by the combustible gas to which the oxygen does not penetrate. 

All the flames which are ordinarily turned to useful account are com¬ 
pound flames, and involve several distinct phenomena. Before examining 
these more particularly, it will be advantageous to point out the conditions 
which regulate the luminosity of flames. 

In order that a flame may emit a brilliant light, it is essential that it 
should contain particles which, either from their own nature, or from the 
conditions under which they are placed, do not admit of indefinite ex¬ 
pansion by the heat of the flame, but are capable of being heated to 
incandescence. Thus, the flame of the oxyhydrogen blowpipe (p. 38) emits 
a very pale light, but if the mixture of oxygen and hydrogen be restrained 
&om expanding when tired, as in the Cavendish eudiometer (p. 32), it 
gives a bright fladi; or if the flame be directed upon some solid body 
little affected by heat, such as lime, the light is very intense. 

Phosphorus and arsenic bum witb very luminous flames, in consequence 
of the formation of very dense wapours of phosphoric and arsenious acids 
during the combustion; the density of the vapours being here attended 
with the same result as that produced by the restrained expansion of the 
steam formed in the Cavendish eudiometer. 

. It is not necessary that the incandescent matter should be a product 
of the combustion; any extraneous solid in a finely divided state will 
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confer iUmninating power upon a flame. Hiub, the flame of hydrogen 
may be rendered highly luminous by burning a piece of phosphorus in its 
vicinity, So tbat the clouds of phosphoric acid may pass 
through the flame, or by blowing a little very fine char¬ 
coal powder into it, from the bottle represented in 
fig. 106. ■ 

The luminosity of all ordinary flames is due to the 
presence of highly heated carbon in a state of very 
minute division, and it remains to consider the changes 
by which this finely divided carbon is separated in the 
flame. 

A candle, a lamp, and a gas-burner, exhibit eontriv- 
^ ances for procuring light artfficially in different degrees 

of complexity, the candle being the most complex of the three. When a 
new candle is lighted, the first portion of the wick is burnt away until the 
heat reaches that part which is saturated with the wax or tallow 
of which the candle is composed; this wax or tallow then under¬ 
goes destructive distillation, yielding a variety of products, among 
which olefiant gas is found in abundance. The flame furuishe<i 
hy the combustion of these products melts the fuel around the 
base of the wick, through wliich it then mounts hy capillary 
attraction, to be decomposed in its turn, and to furnish fresh gases 
for the maintenance of the flame. In a lamp, the fuel being 
liquid at the commencement, the process of fusion is dispensed 
with; and in a gas-humer, where the fuel is supplied in a gaseous 
form, the process of destructive distillation has been already 
carried on at a distance. It will bo seen, how'evor, that the final 
result is similar in all three cases, the flame being maintained by 
such gases os acetylene, marsh-gas, and olefiant gas, arising from 
Fig. 306. destructive distillation of wax, tallow, oil, coal, &c. 

On examining an oidinary flame, that of a candle, for instance, it is 
seen to consist of three concentric cones (fig. 106), the innermost, around 

the wick, appearing almost black, the 
f'" next emitting a bright white light, and 

the outermost, being so pale as to be 
scarcely visible in broad daylight. 

The dark iimermost cone consists merely 
of the gaseous combustible to which the 
air does not penetrate, and which is there¬ 
fore not in a state of combustion. 

The nature of this cone is easily shown hy 
experiment: a strip of cardboard held across 
the flame near its base will not bum in the 
centre where it traverses the innermost cone; a 
Fig. 107. piece of wire gauze depressed upon the flame 

near the wick (fig. 107) will allow the passage 
of the combustible gas, which may be kindled above it. Ihe gas may be convi^ed 
out of the flame by means of a glass tube inserted^into the innermost cone, and miw 
be kinged at the other extremny of the tube, which should be inclined downwards 
(fig. 108). 

A piece of phosphorus in a small spood held in the interior of the flame of a spirit- 
lamp, win mdt and boil, but will not bum unless it be removed from the flame, and 
mm then be exflngairiiM by rraladug it in the flame. 

The caqdnuitible gas from the intmor of a flame may he collected in a flask 
mg. lOfr) Mmlihed with two tubes, one of udiioh (A) is drawn out to a potot tor 
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UB 6 rtio 0 into tiiio fifttncp vlxilst tliB ot1iGr{l})t wbicli daesgs to Oia KAitnm a i. 
is bent orer and prolonged by • piece of 



* Fig, 108- 

rSti!; cjS® "i?’ into the interior of a flame. 

«nf ® s>ph«n set ranmne by exhansting it with the month. M the water flowa 
out throng^the aiphon. the gaa is drawn into the flask, and 
after removing the tube from the llamo, the gas may U ex- 

*1 • ? <lown the siphon tuW, and may be burnt 

at tUe jet. When a candle is used for this experiment, some 
solid products of destructive distillation will be found con¬ 
densed in the flask. 

la the second or luminous cone, combustion is 
taking placci but it ia by no means perfect, being 
attended by the separation of a quantity of carbon, 
winch confers luminosity upon this part of the 
flame. The presence of free carbon is shown by de¬ 
pressing a piece of porcelain upon this cone, when a 
black film of soot is deposited. The liberation of the carbon is due to 
the decomposition of the olefiant gas and similar hydrocarbons by the 
heat, winch separates the carbon from the hydrogen, and this latter 
undergoing combustion, evolves suflicient heat to raise the separated car- 

penetrates into this portion 
the^car^i^^ insufticient to effect the combustion of tlie whole of 

^^^Somo verj- simple experiments will illustrate the nature of the luminous portion of 



Pig. 109. 
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hydn^en, which will thus be rendered as luminous as the candle flam^ the dark 
colour of the carbon being apparent in its passage through the tube. 

A bottle furnished with two straight tubee (fig. Ill) is connected with a reservoir 

of hydrogen. One of the tubes is {irovided with 
a small piece of wider tube containing a tuft of 
cotton wool. On kindling the ^ at the orifice 
of each tube, no diflerence will be seen in the 
flames until a drop of bensole (C,H,) is pla^ 
upon the cotton, when its vapour, mingling with 
the hydrogen, will furnish enough carbon to ren¬ 
der the flame brilliantly luminotw. 

Fto. 112 shows a more convenimit apparatus 
for the same purime; the hydrogen being passed 
in through e, bums from the tul» a with a non- 
luminous flame, and from the tube b, after passing 
over a piece of cotton, moistened with Itenzole, 
with a luminous fianie. 

The pale outermost cone, or month, of 
the ilamo, in which the separated carbon 
is finally consumed, may be termed the 
cone of perfect combustion, and is much 
tiiinner tlian the luminous cone, the su^v 
ply of air to this external shell of flame 
being unlimited, and the combustion 
therefore speedily effected. 

The mantle of the flame may be rendered more visible by burning a little sodium 
near the flame, when the mantle is tinged strongly yellow. 

By means of a siphon about one-third of an inch in diameter (fig. IISI, the nature 
of the different portions of an ordinary candle flame Jnay lie very elegantly shown. 
If the orifice of the siphon be brought just over the extremity of the wick, the com¬ 
bustible gases an<l vapours will pass through it, and 
may be collected in a small flask, where they can lie 
kindled by a tajter. On raising tlie orifice into the 
luminous portion of tlie flame, voluminous clouds of 
black smoke will i>our over into the flask, and if the 
.sifibon be now raised a little above the point of the 
flame, carbonic acid can be collected in the flask, and 
m^ be recognised by shaking with lirne-watcr. 

The reciprocal nature of the relation between the 
combustible gas and the air which su]i]torts its com¬ 
bustion may be illustrated in a striking manner by 
burning a jet of air in an atmosphere of coal-gas. 

Fig. 113. ^ quart glass globe with tlireo necks is connected 

at A (fig 114) with the gas-piiie by a vulcanised tube. The second neck (H>, at the 
upper part of the globe, is connected by a short piece of vulcanised tube with a piece 
of glass tube about 4 inch wide, from which the gas may be buimt. Into the thinl 
and lowermost neck is inserted, hy means of a cork, a thin brass tube, ii (nn old 
cork-borer), about k inch in diameter. When the gas is turned on, it may be lighted 
at the upper neck ; and if a lighted match be then quickly thrust up the tube C, the 
air whicti enters it will take fire and burn inside the globe. 

A very inexpensive apparatus for this purpose may be constructed from a common 
Florence oil-fii»k. By applying a bloi^ipe flame at A (fig. llfi), so as to heat to 
whiteness a spot as Iwge as a threepenny-piece, and quickly blowing into the neck 
of the flask, the heated portion of the glass may be made to bulge out. A similar 
protuberance is then to m formed at B. A sharp-pointed flame is directed upon A, 
and the glass hurst by blowing into tb.e flask wb^t it Is still exposed to the flame. 
By fusing the ed^ of the hole thus produced, and turning them outwards with the 
end of a file, a short neck may be forced capable of receiving a cork. When this 
is cool, it is closed with a oori^ and a second similar neck is pmuced at B. 

From this review of tlie structure of flame, it is evident that, in order 
to seouM a flame which shall he useful for illumination, attention must 




Fig. 112. 
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be paid to the supply of oxygen air), and to the compodtbn of the 
fnel employed. Ihe use of ^e oninmey of an Aigand burner (fig, 116) 




Fig. 114.—Air burning in 
coal-gas. 



Fig. 115.—Tu tnak« a three uecked-liaak. 


affords an instance of the necessity for attention to the proper supply of 
air. Without the chimney, the flame is red at the edges and smoky, for 
the supply of air is not sufficient to consume 
the whole of the carbon which is separated, and 
the temperature is not comjietent to raise it to 
a bright white heat, defects which are remedied 
as soon as the chimney is placed over it, and 
the rapidly-ascending heated column of air draws 
in a Hberd supply beneath the burner, as indi¬ 
cated by the arrows. 

By using two chimneys, and causing the air 
to pass down betu'een them, so as to heated 
to about 600® F. before reaching the flame, an 
equal amount of light may be obtained from a 
much smaller supply of gas. _ 

The smokeless gas-burners employed in labo- pig ns.— Argand burner, 
ratories and kitchens exhibit the result of mix¬ 



ing the gas with a considerable proportion of air before burning it, the 
luminous part of the flame then entirely disappearing, with great aug¬ 
mentation of the temperature of the flame, since 
the carbon is burnt simultaneously with the hydro¬ 
gen. 

Tlie most efi'icieut burner uf this kiiiA {Butmen'a burner, 
tiff. 117) is that in which the gas is conveyed into a wide 
tube, at the base of which there are four lar^* holes for the 
admission of air. When a good supply or gas is turned 
on, a quantity of air is drawn in through the lower aper¬ 
tures, and the mixtnre of air and gas may be kindled at 
the orifice of the wide tube, its rapid motion preventing the pig. 117.—Bunsen's 

flame fTom passing down within the tube. This tube is burner, 

sometimes surmounted by a rosetjie homer to distribute the 
flame. By dosing the air-holes with the fingers, a luminous flame is at once pro¬ 
duced. 

The principle of this burner has ^en applied for testing the illuminating value of 
gas, by measuring the quantity of air which must be supplied to a flame coasomisg 
a ^vea quantity of g8% in order to destroy the tnmiaosity, the ilbuainating valtm 
being proportional to tbe quantity of sir wmch is necessary for this purpose. 
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Fig. 118.—Ctaiize 
bonier. 


The gmm ^aer (fig. 118) ooiudsts fA aa open t^Under siinnonnted hv wire gme. 
When ^is is j^ed.orer the gas hamer, a supp^ of air is drawn in at toe bottom bj 
the ascmiding stream of gas, and the mixtnre bums above 
the gauze with e very hot smokdess fiame, the metallic 
meshes preventing the fiame from passing down to tiie gas 
below. 

The luminosity of a flame is materially affected by 
the pressure of the atmosphere in which it bums, a 
diminution of pressure causing a loss of illuminating 
^wer. If the light of a given flame burning in tlie 
air when the barometer stands at 30 inches be repre¬ 
sented by 100, each diminution of one inch in the 
height of the barometer will reduce the luminosity 
by five } and conversely, when the barometer rises one inch, the lumino¬ 
sity will he increased by five. This is not due to any difi'erence in the 
rate of burning, which remains pretty constant, but to the more complete 
interpenetration of the rarefied air and the gases composing the flame, 
giving rise to the separation of a smaller quantity of incandescent carbon. 
In air at a pressure of 120 inches of mercury, the flame of alcohol is 
highly luminous, the high density of the air discouraging the intermixturo 
of the flame-gases with it, and thus allowing the separation of a portion 
of carbon. 

In. considering the influence exerted by the composition of the fuel 
upon the character of its flame, it will be necessary to bear in mind that 
some kinds of fuel consist of carbon and hydrogen only, whilst others 
contain a considerable proportion of oxygen. * 

The foUowing table exhibits the composition of some of tho prindpal 
substances concerned in producing ordinary illuminating flames:— 


Fnel. 

Formula. 

Carboa 

Hydrogen. 

Oxygen. 

Monh-gas, . 

CH< 

SO 

10 


Olefiant gas, 


60 

10 


Paraffine, 

C^H 2 »+ 3 

30 

10 


Turpentine,. 

^10^16 

76 

10 


Benzole, 


120 

10 


Wax, .... 

C«H„ 0 .* 

60 

10 

85 

Stearine, 

CsrHuoO, 

62'1 

10 

8-7 

Oleine, 


65-8 

10 

9-2 

Alcohol, 

C,H.0 

40 

10 

27 

Wood naphtha, . 

CH 4 O 

30 

10 

40 


It may be stated generally that when the number of atoms of carbon 
is less than half that of hydrogen, the flame will be &ee fix)m smoke, as 
in the case of marsh-gas. When there are half as many atoms of carbon 
as of hydrogen, as in olefiant gas, the flame is very liable to smoke, unless 
managed with great judgment. Those hydro-carbons which conti^, like 
turpentine and benzole, a laigmr proportion fif carbon than this, always 
bum with much smoke^ and require special contrivance to render them 
applicable for illunuMting purposes. Thus, camplune (turpentine) must 
be burnt in lamps with narrow chimneys of peculiar construcrion to 

• Till* is tile cotaposition of myrkine, which fonna the givater port of bees' wax. 
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aiBbrd ft strong cnrrent of ftk. B^ozole (coal-nftplitlift) vapour must Ise 
mixed vitli air if It is required to 'bum wi% a smokeless fl^e. 

If a piece of cotton wool, rooisioBed with, 'benzole, be placed in a flask provided 
with two tubes (fig. 119), it will be found, on gentiv warming the flask by dipping 
it into hot water, and blowing through one of the tube^ that the mixture of tsmsole 
vapour and air issuing from the other tube will bom with a smokeless Inright flame. 

If coal-gas, which is essentially a mixture of hydrogen, marsh-gat^ and 
olefiant gas, and generally contains rather too much hydrogen in propor¬ 
tion to its carhon, be enriched with caihon by 
passing over benzole (light coal naphthft), it hums 
with a far more luminous flame (napkihalused gm). 

When the fuel contains oxygen, the carbon may 
exist in larger proportion to the hydrogen without 
giving rise to the production of smoke, since this 
oxygen will dispose of a portion of the carbon 
during the combustion. Thus, wax is much less 
liable to smoke than olefiant gas, although containing 
the same^ proportions of carbon and hydrogen, 
whilst stearine (the chief part of tallow) and oleine 
(forming the hulk- of oils) may he burnt in ordi¬ 
nary candles and lamps, although still richer in Fig. 119. 

carlton, because they contoiu more oxygen also. - 

Alcohol yields a flame of no illuminating value, dthough it contains 
more carbon in proportion to its hydrogen than is present in marsh-gas, 
because its oxygen helps to consume the carhon dui-ing the combustion, 
and prevents it from separating in the incandescent state. By adding 
about one-tenth of its nulk of benzole or turpentine, however, alcohol 
may he made to bum with a brilliant flame. 

76. The blowjjipe Jfume .—The principles already laid down will 
render the stracturo of the blowpipe flame easily intelligible. It must 
be remembered that in using the blowpipe, the stream of air is not pro- 
polled from the lungs of the operator (where a great part of its oxygen 
would have been consumed), but simply from the mouth, by the action 
of the muscles of the cheeks. The first apparent efl'ect upon the flame 
is entirely to destroy its luminosity, the free supply of air eflecting the 
immediate combustion of the carbon. The size of the flame, moreover, is 
much diminished, and the combustion being concentrated into a smaller 
space, the temperature must be much 
higher at any given point of the 
flt^e. In structure, the blowpipe 
flame is similar to the ordinary 
flame, consisting of three distinct 
cones, the innermost of which (A, 
fig. 120) is filled with the cool 
mixture of mr and combustible 
gas. The second cone, especially 
at its point (B), is termed,tlio 
reducing flame, for the supply of oxygen at that part is not sufficient 
to convert the carhon into carbonic acid, but leaves it as carbonic 
oxide, which speedily reduces almost all metallic oxides placed H 
part of the flame to the metallic state. The ontermost cone (0)' is 
called the c^idising flame, for there the supply of oxygen from tlm sox- 
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rounding air ia unlimited, and any aubsiance prone to combine with 
oxygen at a high tempemture ia oxidised when exposed to the action of 
that portion of the flame; the hottest point of the blowpipe flime, 
whore neither fhel nor oxygen is in excess, appears to be a voy little 
in advance of the extremity of the second (reducing) cone. The differ¬ 
ence in the operation of the two flames is readily shown by placing a 
little red lead (oxide of lead) in a shallow cavity scooped upon the 
surfime of a piece of charcoal (fig. 121), and directing the flames upon 
it in succession; the inner flame will reduce a globule of metallic 
lead, which may be reconverted into oxide by exposing it to the outer 



flame.* The immense service rendered by this instrument to the chemist 
and mineralogist is well known. 

By forcing a stream of oxygen through a flame from a gas-holder 
or bag, an intensely hot blowpipe flame is obtained, in which pipe-clay 
and platinum may be melted, and iron burns with great brilliancy (see 
fig. 56). 


Fletcher’s hot-blast blowpipe (fig. 122), produces a miich higher temperature than 
the ordinary blowpipe. Co^-gas is supplied through the tube g, and w kindled at 

the Bunsen burners b h and at the orifice /, the 
supply to the former being related by the stopcock 
c, and to the latter by the stopcock d. The names 
of the Bunsen burners heat the spiral copper tube 
e to redness, so that the air blown in through the 
flexible tube a is strongly heated before being pro- 
jwted into the flame through a blowpipe jet at /. 
Thin platinum wires melt easily in this flame, and 
thin iron wires hum away rapidly. 

77. Determination of the composition of 
gases containing carbon and hydrogen. —In. 
order to ascertain the proportions of carbon 

Fig. 122. -Hot-blast blowpipe, and hydrogen present in a gas, a measured 

volume of the gas is mixed with an excess 
of oxygen, the volume of the mixture carefully noted, and explosion deter¬ 
mined by passing the electric spark; the gas remaining after the explosion 
is measured and shaken with potash, which absorbs the carbonic acid, 
from the volume of which the proportion of carbon may be calculated. 
For example, 

0*4 cubic inch of marsh-gas, mixed with 
1*0 „ oxygen, and exploded, left 

0*6 „ gas; shaken with potash 

it left 0*2 „ oxygen. 



Fig. 122.—Hot-blast blowpipe. 


* By directing the reducing flame upon the metallic oxide in tbs cavity, and allowing 
the oxidising flame to sweep over the surface of the charcoal, as, shown m the figure, a 
yellow incruataUon of oxide ot lead is formed npon the surface of the charcoal, which 
affords aA3iti(^l evidence of the nature of tiie metal. 
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Bhowing that 0*4 cubic inch of carbonic acid had been produced. -This 
quantity of carbonic acid would contain 0*4 cubic inch of oxygen. De¬ 
ducting thia last from the total amount of ojcygen consumed (0*8 cubic 
inch), we have 0*4 cubic inch for the volume of oxygen consumed by Ihie 
hydrogen. JSTow, 0*4 cubic inch of oxygen would coihbine with 0*8 cubic 
inch of hydrogen, which represents ther^ore the amount of hydrogen in 
the marsh-gas employed. It has thus been ascertained that *1110 marsh- 
gas contains twice its volume of hydrogen. 


Sp. Or. (to H) or weight of 1 volume of marsh-eas, . =8 

Weight of 2 volumes (one mol^ule), . . =16 

2 volumes of mar^-gas contain 4 volumes H, weighing 4 

2 volumes’of marsh-gas contain x vorurne C, weighing . 12 


For the purpose of illustration, the analysis of marsh-gas may be efl’ected in a lire’s 
eudiometer (fig. 123), but a considerable excess of oxygen should be added to mode¬ 
rate the explosion. The eudiometer having been fill^ 
with water, 01 cubic inch of marsh-gas is introduced 
into it, as described at p. 34, and having been transferred 
to the closed limb ana accurately measured after equal¬ 
ising the level of the water, the oinm limb is again filled 
up with water, the eudiometer inverted in the trough, 
and 1 *2 cubic inch of oxygen added; tliis is also trans¬ 
ferred to the closed limb and carefully measured. The 
electric simrk is passed through the mixture (eecp. 

84), tho open limb being closw by the thumb. The 
level of the water in both limbs is then ecjualised, and 
the volume of gas measured. The open limb is filled 
up with a strong solution of pota.sn, and closed by 
the thumb, so that the ma may be transferred from 
the dosed to the open llnm and back, until its volume 
is no longer diniiuisbed by the absorption of carbonic acid. The volume of residual 
oxygen having been measured, the calculation is effected as above descii^d. 

The results are more exact when the eudiometer is filled with mcrcurj' instead of 
water. 



Fig. 123. 

Siphon eudiometer. 


Coa^Gas. 

78. The TniMinf»»d. ure of cod-g as is one of tJie iiiost important appli? 
cations of the pruicq de of destructive distillation, and t^oids an ex- 
celleni example of the tendency of this process to' ilovelope new arrange¬ 
ments of the elements of a compound body. The action of heat uwn 
coal, in a vessel from which_ a ^. i s.excluded, gives rise to the proauction 
oflT veiy large numlJer of compounds containing some two or more of 
the five elements of the coal, in different [iroportions, or in different 
forms of arrangement. Although no clue has yet been obtained to indi¬ 
cate the true aiTangement of these elements in the original coal (or, 
as it is termed, the comtitution of the coal), it is certain that these 
various compounds do not exist in it before tbe application of heat, but 
are really the results of its action, that they are indeed produds and 
not editeh. 

The most important forms assumed by the carbon and h ydrogen when 
coal is strongly heated, are,—• 


{ Hydrogen, 

Marsh-gas, CH* i /i ij j 

Oil-gas, 


Naphthaline, 
^Anthracene, CuHig 
<ParafiSne, 

. C 




COMPOSITION OP COAL-GAS. 


wAoogBa. oi ^Va coei x«8i'p’]^'n v&. Ua iottoA of- 

Nitrogen. ^ 

■ ‘ NIL : ) 

J^N 


Oases 

Liqtoids 


Ammonia, 'J 
AafttBS, . 
QaiiuUne, . 
Hydrocyanic acid, 


J C,H,N 
CHN V 


Alkaline. 


The o grgffl contributes to the production of— 


'f Carbonic oxide, CO 

Carbonic acid, CO, 


(Water, . H,0 . 

Liquids { Acetic add, C,H*0, 

(Carbolic acid, C,H,0 

Sulphur is found among the products as, ‘ ^ ‘ 


Sulphuretted hydrogen gas, (very vo?^ile). | <»xbonf 


The illuminating gas obtained from coal consists essentially of free hydro¬ 
gen, marsh-gas, olefiant gas, and carbonic oxide, with small quantities of 
acetylene, benzole vapour, and some other substancea 
A fair general idea of its composition is given by the foEowing table:— 


Gas from Cannel Coal. 


1 Hydrogen. 

45'847 volumes. 

V Marsh-gas, .... 

40-948 „ 

^Carbonic oxide, 041. 

4-167 

'lOlefiant g-as, .... 

6-604 

^'Carbonicacid, .iu.v 

1-950 

■V Nitrogen, .... 

1-445 

^Oxygen, .... 

0-139 


100-0 

The o idv constitu ents which contribute directly tojthe ill(;(D^i qatinp 
value of me we ?Ee marsh gas^dlefinut gasj ahd'simn hydrocar- 
bbns (ace tylen e, and be nzole vapo ur). 

The most objectionaBIe constituent is the sulphur present as sulphur- 
ette^Jiydrbgen ancfTisulpliide of cai-bou, for inis is converted by com¬ 
bustion into sulphuric acid, whan seriously injures pictures, furniture, 
j&c. The object of the manufacturer of cod-gas is to remove, as far as 
possible, everything from it, except the constituents mentioned as essential, 
and at the same time to obtain as laige a volume of gas from a given 
weight of coal as is consistent with a good illumiuatiug value. 

The mode of pnrifvint? the and the general arrangements for its 
manu&cture, will be described in a later part of the work. 



Fig. 124.—Destructive distillAtion of coal. 


% The destruetive dktUktioo of coal may bo exhibited with the arnmgement repre- 
* seated in|g. 124. The solid aud liquid products (tsr, ammoniacal iiqtua', Ac.) arc 











QUABTZ—SAND—SMUT. 


eondeiued in <he {^balar leceiver (A). The fint bent tobe^centi^as, in tme 
Ihab (B), a piece a( red Utmns mpor to detect ammonu; and in the other (C) 
a ]^eoe w paper impregnated with acetate of lead, which will be blackmied by 
^e snlphnretted hydrc^n. The second bent tnbe 
(D) contains enoum lime>water to fill the bend, 
wmoh will be rendered milky by the carbonic acid. 

The gas is collected over water, in the jar E, 
wUch is famished with a jet ih>m which the gas may 
be burnt when forced oat by depressing the jar in 
water. 

The presence of acetylene in coal>gns may be 
shown by passing the gas from the supp}y>pipe (A, 
fig. 125), nrst through a bottle (B) containing a little 
ammonia, then through a bent tube (C), with enough 
water to fill the bond, and a piece of bright sheet j-, 

copjper immersed in the water in each limb. After 

a snort time the bright red flakes of the acetylide of copper will be seen in the 
water. 



SILICON. 

79. In many of its chemical relations to other bodies this element will 
he found to hear a great resemblance to carbon ; but whilst carbon is > 
remarkable for the great variety of compound forms in which it is met * 
with in nature, silicon is always found in combination with oxygen, as 
silicic acid, or silica (SiO,;), either alone or united with various met^lic 
oxides, with which it forms silirafes. 

Silica SiOj = 60 parts by weight.—The purest natural variety of sili^ 
is the transparent and colourless variety of quartz known as rock on/gtal^ 
the most widely diflused ornament of the mineral world, often seen crys¬ 
tallised in beautiful six-sided prisms, terminated by six-sided pyramids 
(fig. 126), which are 
always easily distinguish¬ 
ed by their great hardness, 
scratching glass almost as 
readily as the diamond. 

Coloured of a delicate 
purple, probably by a little 
organic matter, these crys- Fig. 12U.—Crystal of «iuartz. 

tals are known as ame¬ 
thyst and when of a brown colour, as Cairngorm stones or Scotchpehbles. 
L^ing its transparency and ciystalline structure, we meet with i^ca in 
the form of chalcedony and of camelianj usually coloured, in the latter, 
with oxide of iron. 

Hardly any substance has so great a share in the lapidary’s art as silica, 
for in addition to the above instances of its value for ornamental purposes 
we find it constituting (^aie, eafs eye, onyx, so much prized for cameos, 
opal, and some other precious stones. In opal the silica is combined 
with water. 

8a^ of which the whiter varieties are nearly pure silica, appears to 
haveo^ formed by the diainlegrotion of siliceous rocks, find has g^erally 
a yellow or brown c olour, due to the p^ence of (Mode of iron . 

TSSI^istance offered by silica to all impressions has become piovarhlal 
in &e case of /lini, which consists essentially of that substance colouied 
witib. senne impurity, ilints are generally found in compact masses; dnbbi- 
huted in Titular beds throughout the dudk formation; thett hwtdxrass, 
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wHdi even eaeceeds that of quarts formerly rendered them usefU for 
striking sparks with steel, by detaching small particles of the metal, which 
ore so heated by the percussion as to continue to bum (see p. 27) in the 
air, and to inflame tinder or gunpowder upon which they are allowed to fell 

The part taken by silica in natural operations appears to be chiefly a 
mechanical one, for which its stability imder ordinary influences peculiarly 
fits it, for it is found to constitute the groat bulk of the soil which serves 
as a support and food-reservoir of land-plants, and enters lai^ely into the 
composition of the greater number of rocks. 

But that this substance is not altogether excluded from any share in 
life is shown by its presence in the shining outer sheath of the stems of 
the grasses and cer^s, particularly in the hard external coating of the 
Dutch rush used for polishing; and this alone would lead to the i^erence 
that silica could' not be absolutely insoluble, since the capUlaty vessels of 
plants are known to be capable of absorbing only such substances as are in 
a state of solution. Many natural waters also present us with silica in a 
dissolved state, and often in considerable quantity, as, for example, in the 
Geysers of Iceland, which deposit a coating of silica upon the earth around 
their borders. 

Pure water, however, has no solvent action upon the natural varieties 
of silica. The action of an akali is required to bring it into a soluble form. 

To effect this upon the small scale, a few crystals of common wa-diing- 
soda (carbonate of soda) may be powdered and dried; a little of the dried 
powder is placed upon a piece of platinum foil slightly bent up (fig. 127), 


Fig. 127.—Fusiuu on platinum toil. 

and is fused by directing the flame of a blowpipe upon the under side of 
the foiL As soon as the carbonate of soda is perfectly liquefied, a small 
quantity of very finely powdered white sand is thrown into it, when brisk 
effervescence will be observed, and the particles of sand will dissolve; 
fresb portions of sand may now be added as long as they produce effer¬ 
vescence, which is due to the escape of the carbonic acid, and since, in 
general, one acid can only be displaced by another, it is but reasonable to 
infer that the sand really possesses acid properties, and hence the fitness 
of its chemical name, dliaic add. 

The piece of platinum foil with the melted mass upon it may now be 
placed in a little warm water, and allowed to soak for some time, when it 
will gradually dissolve, forming a solution ef silicate of soda. This 8olu> 
tion will be found decidedly alkaline to test-papers; for silidc acid, like 
carbonic, is too feeble an acid to neutralise entirely the alkaline properties 
^ of the soda. 

If a p<Mion of the solution of silicate of soda in water be poured into 
a test-lubef a%d two or three drops of hydrochloric acid added to it, with 
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occasional agitation, efferYescence will be prodnced by tiie ezpnlsiou d 
any carbonic acid still remaining, and the solution will be convorted into 
a gelatinotis mass by the separation of hydrated silido acid. But if 
another portion of the solution of silicate of soda be poured into an excess 
of ^ute hydrochloric acid into enough to render the solution dis¬ 
tinctly acid), the silicic acid will remain dissolved in the water, together 
with tile chloride of sodium formed by the action of thehydrocMoim acid 
upon the soda. 

In order to separate the chloride of sodium &om the silicic acid, the 
process of dialyeia* must be resorted to. 

Dialym is the separation of dissolved substances from each other by 
taking advantage of the different rates at which they pass through moist 
diaphragms or septa. 

If the mixed solution of chloride of sodium and silicic acid were poured 
upon tui ordinary paper filter, it would pass through without alteration; 
hut if parchment paper be employed, which is not pervious to water, 
although readily moistened by it, none of the liquid will pass through. 
If the cone of parchment paper bo supported upon a vessel filled with 
distilled water (tig. 128), so that the water may be in contact with the 
outer surface of the cone, the hydrochloric acid and the chloride of sodium 
will pass through the substance of the parchment paper, and the water 
charged with them may be seen descending in dense streams 
from the outside of the cone. After a few hours, especially 
if tiio water be changed occasionally, the whole of the 
hydrochloric acid and chloride of sodium will have passed 
through, and a pure solution of silicic acid in water will 
remain in the cone. 

This solution of silicic acid is very feebly acid to blue 
litmus paper, and not perceptibly sour to the taste. It 
has a great tendency to set into a jelly in consequence of 
the sudden separation of hydrated silicic acid. If it be 
slowly evaporated in a dish, it soon solidifies; but, by con¬ 
ducting the evaporation in a flask, so as to prevent any 
drying of the silicic acid at the edges of the liquid, it may 
be concentrated uQtU it contains 14 per cent, of silicic acid. When this 
solution is kept, oven in a stoppered or corked bottle, it sets into a trans¬ 
parent gelatinous moss, which gradually shrinks and separates from the 
water. When evaporated, in vacuo^ over sulphuric acid, it gives a trans¬ 
parent lustrous glass which is composed of 22 per cent, of water and 76 per 
cent, of silicic acid (j^O.SiOg). 

This hydrate of stiica cannot be redissolvecl in water, and is only soluble 
to a slight extent in hydrochloric acid. If it be heated to expel the water, 
the anhydrous silicic acid which remains is insoluble both in water and in 
hydrocldoric acid, but is dissolved when boiled with solution of potash or 
soda, or their carbonates. 

BUicic acid in the naturally crystallised form, as rock crystal and quartz, 
is insoluble in boiling solutions of the alkalies, and in all acids except 
hydrofluoric; but amorphous •silica (such as that found atFamham) is 
readily dissolved by boiling alkalies. These represent, in iact, two dis¬ 
tinct modificatiems of silica. A transparent piece of rock crystal may be 
heated to bright redness without change, but if it be powdered previoudy 
to being heated, i1» specific gravity is diminished from 2*6 to 2'4, and it 

• From iiakiu, to part asunder. 



Fig. 128. 
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bec(H»e 9 soluble In 'boiling aUcalies, having been converted into the amoiv 
phoas modMcation. 

Crystals of quarts have been obtained artificially by the prolonged 
action of water upon glass at a high temperature under premura Whmi 
fhsed with the oxyhydrogen blowpipe, silica does not crystallise being 
thus converted into the amorphous variety of ap. gr. 2*3. 

To prepare the amorphous modification of silica artificially, white sand in very 
fine powder may be fused, in a platinum crucible, with six times its wei^t of a mix* 
tare of equal weights of carbonate of potash and carbonate of soda, die mixture being 
more eamly fusible than 'either of the carbonates separately. The crucible may be 
i heated over a gas-burner supplied with a mixture of cas and air, or may be jdaced in 
! a little calcined magnesia contained in a fire-clay crucible, which may M covered up 
and introduced into a good fire. The platinum crucible is never heated in direct 
contact with fuel, since' the metal would become brittle by combining with carbon, 
silicon, and sulphur derived from the fuel. The magnesia is used to protect the pla¬ 
tinum from contact with the clay crucible. When the action of the silicic acid upon 
the alkaline carbonates is completed, which will be. indicated by the cessation of the 
effervescence, the platinum cmcihle is allowed to cool, placed in an evaporating dish, 

and soaked for a night in water, when the mass should be 
entirely dissolved. Hydrochloric acid is then added to 
the solution, with occasional stirring, until it is distinctly 
acid to litmus pa|)er. On evaporating the solution, it will, 
at a certain point, solidify to a gelatinous mass of hydrated 
silicic acid, which would he spirted out of the dish if 
evaporation over the flame were continued. To prevent 
this, the dish is placed over an empty iron saucepan (fig. 
129), BO that the heat from the name may he equally 
distributed over the bottom of the dish. When the mass 
is quite dry, the dish is allowed to cool, and some water 
is poured into it, which dissolves the chlorides of potas¬ 
sium and sodium (formed by the action of the hydro¬ 
chloric acid upon the silicates of potasli and soda), and 
leaves the silicic acid in white flakes. Tliese may he 
collected npon a filter (fig. 130), and washed several times with distilled water. 
The filter is then carefully spread out u]K>n a hot iron piate, or upon a hot brick, and 

allowed to dry, when the silicic acid is 
left as a dazzling white powder, wbicli 
must be strongly heated m a' jwrcelain 
or platinum crucible to expel tlie last 
traces of water. It is remarkable for 
its extreme lightness, especially when 
heated, the slightest current of air easily 
blowing it away. 

^0. For effecting such fusions os that 
just described, an air-gu blow-pipe (A, 
tig. 181) supplied with air from a double 
action hellov s (B), worked by a treadle (C), 
will he found most convenient. Wliere 
gas is not at hand, the fnrion may be 
effected in a small frimace (fig. I8S), sur¬ 
mounted with a conical chinuiey, ana fed 
with charcoal. 

81. Silieates .—The acid propat¬ 
ties of silicic mid axe so feehie that 
it is ft mattex of great difficulty to 
detennine the proportion of 
base which is required to units 
it in (HhIm to f<nin a ehetid(»lly 
neutnd /milt, eaihonic scid, it does ndt destroy the setson of the 
a&aliec^hp(^ teot-papers, aird we are^ therefore, dej[uivM of thu method of 
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a8<»rtaining ilie proportion of alkali whick neutralises it in a ckeniical sense. 
In attempUng to ascertain the quantity of alkali with which it combines 
from tbht of the carbonic acid which it expels when heated with an 
alkaline carbonate, it is found that the proportion of carbonic acid 
expelled varies considerably, according to the temperature and the pro¬ 
portion of alkaline carbonate employed, probably because the attractions 
of silicic and carbonic acids for the alkaline bases are pretty evenly 
balanced. 

By heating silicic acid with hydrate of soda (NajO.HjO), it is found 
that 60 parts of silicic acid expel 36 parts of water, however much hydrate 
of soda is employed, and the same proportion of water is expelled from 
hydrate of baryta (BaO.H,0) when heated with silicic acid. 

The formula SiOj represents 60 parts by weight of silicic acid, and 36 
parts represent two molecules of water which were combined in the 
hydrates with soda and baryta respectively. Hence it would appear that 
one molecule of silicic acid is dispose<i to combine with two molecules 
of an alkali, and since it is found that several of the crystallised mineral 
silicates contain a (piantity of base equivalent to two molecules of an 
alkali combined witli one molecule of silicic acid, it is usual to represent 
it as a tetrahme acid, that js, an acid requiring two molecules of an 
alkali (containing fnur atoms of metal) to form a chemically neutral salt. 

The cii’cumstance that silicic acid is not cai>able of lieing converted into 
vapour at a high tempeniture, 
enables it to expel from tlieir 
combinations with bases many 
other acids which, at onlinary 
temperatures, are able to displace 
silicic acid. Thus, stilpburic acid 
has a far more powerful attrac¬ 
tion for bases than silicic acid, at 
the ordinary tempcratui'c, but 
when a mixture of silicic acid 
witli a sulphate is strongly heated, 
the tendency of the sulphuric arid 
to assume the vaporous state at 
this temperature determines the 
decomposition of the suljdiate and 
the formation of a silicate. 

The silicates form by far the 
greatest number of minerals. Tlie 
different varieties of clay consist 
of siUcato of alumina; feldspar is I31.-Aii-sas blowpipe table. 

a silicate of alumiim and potash; meerschaum is a silicate of magnesia. 

The different kinds of glass are composed of silicates of potash, soda, 
lime, oxide of lead, &c. 

None but the silicates of the alkalies are soluble in water. 

82. Siliem or Sih'emm (Si = 28 parts by weight).—From the remarkably 
unchangeable character of siliaa, it is not surprising that it was long re¬ 
garded as an elementary substance. In 1813, however, Davy snoceeded in 
decomposing it by the action of potassium, and in obtaining on impure 
specimen of silicott. It has since been produced, &r more easily, by con¬ 
verting the silicic acid into silice-fluoride of potassium (2KF.SiFJ, and 
decompoting this at a high temperature with pota^ium or sodhmi, which 

H 
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combines with the fluorine to fonn a mlt capable of being dissolved ont by 
water, leaving the silicon in the form of a bro^^Ti powder {amorphous silicon) 
which resists the action of all acids, except hydrofluoric, which it decomposes, 
forming fluoride of silicon and evoMng hydrogen (Si + 4HF = SiF 4 + HJ. 

It is also dissolved by solution of hydrate of 
potash, with evolution of hydrogen, and for¬ 
mation of silicate of potash. It bums bril¬ 
liantly when heated in oxygon, but not com¬ 
pletely, for it becomes coated with silica 
which is fused by the intense heat of the 
combustion. When heated with the blow¬ 
pipe on platinum foil, it cats a hole through 
the metal, with which it forms the fusible 
silicide of platinum. 

If silico-flttoride of potassium be fused with 
aluminum, a portion of the latter combines 
with the fluorine, and the remainder com¬ 
bines with the silicon, forming a silicide of 
aluminum. By boiling this with hydro- 
Pig. 132.—Charcoal furnace. and hydrofluoric acids in succession, 

the aluminum is extracted, and crystalline scales of silicon, with a 
metallic lustre resembling black lead, are left {graphiioid sUicmi). In this 
form the silicon has a speciflc gravity of about 2’5, and refuses to burn 
in oxygen, or to dissolve in hydrofluoric acid. A mixture of nitric and 
hydrofluoric acids, however, is capable of dissolving it. Like graphite, 
this variety of silicon conducts electricity, though amorphous silicon is 
a non-conductor. The amorphoiis silicon becomes converted into this 
incombustible and insoluble form under the action of intense heat. It 
is worthy of remark that the combustibility of amorphous carbon 
(charcoal) is also very much diminished by exposure to a high tem¬ 
perature. 

Unlike carbon, however, silicon is capable of being fused at a tempera¬ 
ture somewhat above the melting point of cast iron; on cooling it forms 
a brilliant metallic-looking mass, which may be obtained, by certain 
processes, crystallised in octahedra so hard as to scratch glass like a 



diamond. 

In their chemical relations to other substances there is much rusem- 
blance between silicon and carbon. They both form feeble acids with 
oxygen, which correspond in composition. Silicon, however, is capable 
of displacing carbon from carbonic acid, for if carbonate of potash be 
fused with silicon, the latter is dissolved, forming silicate of potash, and 
carbon is separated. Silicon also resembles carbon in its disposition to 
unite with certain metals to form compounds which still retain their 
metallic appearance. Thus silicon is found together with carbon in cast 
iron, and it unites directly with aluminum, zinc, and platinum, to form 
compounds resembling metallic alloys. Nitrogen enters into direct union 
with silicon at a high temperature, though it refuses to unite with carbon 
except in the presence of alkalies. In their relation to hydrogen, these 
two elements are widely difierent, for silicon is only known to form one 
compound with hydrogen, and that of a very unstable character. 

The hydride of silicon has been found to have a composition corre¬ 
sponding with the formula SiH^. It derives its interest chiefly from the 
property of taking fire spontaneously in contact with the air, in which it 
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bums wiili a brilliant white flame, giving off clouds of siUca, and deposit¬ 
ing a brown film of silicon upon a cold surface. 


Hydride of silicon ia prepared by decomposing silicide of magnesinm with dilate 
hydrochloric acid. The silicide of magneaiatu ia obtained by fuamg chloride of mag¬ 
nesium (MgCIy) with silico-flaoride of sodium (2NaF. SiF 4 ), and metallic sodium, 
when the latter combines with the chlorine and iiuorine, leaving the magnesium free 
to unite with the silicon. 

The chloride of magnesium may be prepared by dissolving ordinary^ carbonate of 1 
magnesia in hydrochloric acid, adding three parts' of chloride of ammonium for each / 
part of carbonate of magnesia, evaporating to dryness in a porcelain dish, fusing the! 
residue, and muring it outron to a clean stone. Being very deliquescent, it must he t 
kept in a well-closed bottle. 

Silico-iluoride of sodium is made by neutralising hydro-fluosilicic acid with car¬ 
bonate of soda, and evaporating to dryness. 

To increase tlio fusibility of the mixture, some fused common salt will he re¬ 
quired. Dried salt may be melted in a fire-clay crucible, at a bright red heat, and 
poured out upon a clean dry stone. 

Forty parts of the chloride of magnesium, 3.5 of silico-iluoride of sodium, 10 of 
fused chloride of sodium, and 20 of sodium in slices, are rapidly weighed, shaken 
together in a dry bottle, and thrown into a red-hot clay crucible, which is then 
covered and heated as long as the yellow fiame of sodium vapour is perceptible. 
After cooling, the crucible is broken, when a dark-colonred layer of silicide of mag¬ 
nesium will be found beneath a white layer of chloride and fluoride of sodium. 
The silicide of magnesium must be rapidly detached, and preserved in a well- 
staffed bottle. 

The silicide of magnesium is coarsely powdered, and introtluccd into a Woulfe’s 
bottle (fig. 138) provided with a funnel tube, and a short wide tube for delivering 
the gas. The liottle is filled up with water (previously _ 

boiled to expel air, and nllowe<l to cool), and placed in 
the ]>neumatic trough (containing boiled water), so 
that both bottle and tubes may remain filled with 
water. A gas-jar, filled with boiled water, haring 
Iwen placed over the delivery-tube, some strong hydro¬ 
chloric acid is added through the funnel, great eare 
being taken that no air shall enter. The hydride of 
silicon is at once evolved, and must be allovrcd to 
stand over water for some little time, to allow the 
froth, caused by a slight separation of silica, to sub¬ 
side. The gas may then be transferred to a capped 
jar, with a sto]>-eock, from which it may bo allowed to 
pass into the air for the oxamiualion of its fiame. 

When cast iron, eontaiiiing silicon, is boiled with 
hydrochloric acid until the whole of the iron is dis¬ 
solved, a grey frothy residne is left. If this be collected on a filter, well washed 
and dried, it is found to consist of black scales of graphite, mixed with a very light 
white powder. On boiling it with potash, hydrogen is evolved, and the white 
powder dissolves, forming a solution containing silicate of potash. This white 
powder appears to b<* identical with a substance obtained by other processes, and 
called leuewte* which is bclievetl to have the conqmsition 81311405 , and has been 
regarded as a hydride of protoxide of silicon, 3SiO. 2 HjO. Its action upon solution 
of potash would be explained by the equation 



Fig. 133. 


Si,H40j + 12 KHO = 8 ( 2 X 30 .SiOa) -t IT, + 5HjO. 


Lcucone is slowly converted into silicic acid, even by the action of water, hydrogen 
being disengaged. 

Another compound, containing silicon, liydroMn, and oxygen, has been named 
silicone. It is a yellow substance, the general tmaracters of which resemble those of 
the compound last described. When exposed, under water, to the action of sun¬ 
light, hydrogen is evolved, and the yellow body becomes converted into lencone. 

The atomic weight of silicon is generally represented by the number 

* AfuKilc, white. 
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38, tiiWgli here, os in the case of carhou, theoretical considerations are 
relkd upon, since the spediic gravity of vapour of silicon cannot be ascer¬ 
tained by experiment, and no assistance is afforded by the specific heat. 


BORON. 

83. Closely allied to silicon is another element, boron, which has at 
present never been found in animal or vegetable bodies, but appears to 
be entirely confined to the mineral kingdom. 

Boradc mid (B20g=69’8 parts by weight).—A saline substance called 
. homx (Na,0.2Bj0g, lOAq.), has long been used in medicine, in working 
metals, and in making imitetions of precious stones; this substance was 
originally imported from India and Thibet, where it was obtained in 
crykals from the waters of certain lakes, and came into this countr}' 
under the native designation of tincal, consisting of impure borax, sur¬ 
rounded with a peculiar soapy substance, which the refiner of borax 
makes it his business to remove. 

In 1702, in the course of one of those tentative experiments to which, 
though empirical in their nature, scientific chemistry is now so deeply 
indebted, Homberg happened to distil a mixture of borax and green 
vitriol (sulphate of iron), when he obtained a new substance in pearly 
plates, which was found useful in medicine, and rticeived the name of 
sedative salt. A quarter of a century later, Lemcry found that this sub¬ 
stance might be separated from borax by emjdoying sxilphuric acid instead 
of sulphate of iron; but another quarter of a century elapsed btffore it 
was shown that in borax these pearly crystalline scales w'ere combined 
with soda, and were possessed of acid properties which entitle them to 
receive the name horacie acid. 

Much more recently this acid has been obtained in a free slate fn)m 
natural sources, and is now lurg(‘,ly imported into this country from the 
volcanic districts in the north of Italy, where it issues from the earth in 



Fig. 134.r-Boracic lagune an<l evaporating pans. 


the form of vapour, accompanied by vinlmit jets of steam, whidi are 
faiown in the neigh^urhood as aqffioni. It would appear easy enough, 
by adopting arrangements for the condensation of this steam, to obtain 
. the boracic acid which accompanies it, but it is found necessaiy to cause 
the steam to deposit its boracic acid by passing it through water, for 
which purpose basins of brickwork {lagmeB, fig. 134) are built up around 






BOBACIC ACID. 


117 

th6 soffiotti, and axe kept filled with water firom the i^ghbonring spiingB 
or brooks; this water is allowed to flow suecessively into the 
lagunes, which are built upon a declivity fi>r that purpose, and it Ihus 
becomes impregnated with about 1 per cent, of boracic add. 'The neces¬ 
sity for exp^ng a large proportion of this water, in order to obtain the 
boracic acid in crystals, form^ for a long time a great obstade to the 
success of this branch of industry in a country where fuel is very expen¬ 
sive. In 1817, however, Larderello conceived'the project of evaporating 
this water by the steam-heat afforded by the soffioni themselves, and 
several hundmd tons of boracic add are now annually produced in this. 
manner. The evaporation is conducted in shallow leaden evaporating 
pans (A, fig. 134), under which the steam from the sofiioni is conducted 
through the flues (F) constructed for that purpose. As the demand for 
boracic acid increased on account of the immense consumption of borax 
in the porcelain manufacture, the experiment was made, with success, of 
boring into the volcanic strat^ and thus producing artificM soffioni, yield¬ 
ing boracic acid. 0 ^ 

The crystals of boracic aci d, as imported from these sources, contain 
salts of ammonia and ottt^ impurities. They’dissolve in about three 
times their weight of boiling water, and crystallise out on cooling, since 
they i-equire 20 parts of cold water to dissolve them. Tliese crystals are 
represented by the fonnula(_311^0. If they are sharply heated in a 

retort, tlicy partly distil over unchanged, together %vith the water derived 
from the decomposition of another part; but if they be heated to 212® F. 
only, they effloresce, and become converted into HgO.B/Jy When this 
is further heated, the whole of the water passes off, carrying with it a 
little boracic acid, and the acid fuses to a glass, which remains perfectly 
transparent on cooling {vitreous boracic acid). This anhydrous boracic 
acid is slowly volatilised by the continued action of a very high tempera¬ 
ture. It dissolves very slowly in water. 

A characteristic property of lioracic acid is that of imparting a green 
coloigjojlame.s. Its presence may thus be detected in the steam issuing 
from a Iwiling solution of boracic acid in Avater, for if a spirit-lamp flan)e, 
or a piece of burning jMiper, be held in the steam, the flame will acquire 
a green tint, especially at the edges. 

Tlie colour is niore distinctly seen ulicn the crystallised tioracic acid is heated 
on jdatiuuin foil in a spirit-llanie or an air-gas flame; and still better when the 
ciystals are dissolved in boiling alcohol, and the solution burnt on a plate. The 
presence of boracic acid in liorax may be ascertained by mixing the eolation of bonx 
with strong sulphuric acid to liberate the boracic acid, and adding enough alcohol to 
make the mixture bum. Another peculiar property of boracic acid is its action 
upon tnimeric. If a piece of turmeric jmper be dipped in solution of boracic acid, 
and dried at a gentle heat, it assumes a flue brown-red colour, which is changed 
to green or blue by potash or its carbonate. In applying this test to borax, the 
solution is slightly acidifled with hydrochloric acid, to set free the boracic acid, before 
dipping the pajier. 

Borates. —Boracic acid, like silicic, must he classed among the feeble 
acids. It colours litmus violet only, like carbonic acid, and does not 
neutralise the action of the alkalies upon test-papera. At high tempera r 
tures fu sed boracic acid dissolves the m etallic oxidw to form traiwpMent 
glas^ bdral e^ wMch have,in'many cases, very hnl^t colours,anou^n 
thja prepay depend the chief uses of boracic acid in the arts. ^ 

Unlike the silicates, the borates are comparatively rare in the minen^ 
world. Ko very familiar mineral substance contcuns boracic acid. A 
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double bozate of soda and lime, called horo-mirocakite (Na 30 . 2 B 20 g, 
2 ( 0 a 0 , 2 B 203 ), 18H,0), is imported from Peru for the maaufwture of 
borax; and the mineral knoiim as boracite is a borate of ma^esia. ^ 

In determining the proportion of base which boracic acid requires to 
fonn with it a chemically neutral salt, the same difficulties are met with 
as in the case of silicic acid (p. 112); but since it is found that 69'8 parts 
of boracic acid (the weight represented by B^Oj) displace 54 parts of water 
(three molecrdes) from hydrate of soda and from hydrate of baryta, both 
employed in excess, it would appear that the boracic acid requires three 
molecules of an alkali fully to satisfy its acid character. 

84. Boron ..—^B = 10*9 parts by weight.—It was in the year 1808 that 
Gay-Lussac and Th^nard succeeded, by fusing anhydrous boracic acid 
wiUi potassium, in extracting from it the element boron as an olive-green 
powder {amorphous boron), which has a general resemblance to silicon, 
but, unlike that element, may be oxidised by nitric acid. It also requires 
a higher temperature to fuse it than is required by silicon. The briliiaht 
copper-coloured scales obtained by a process similar to that which fur¬ 
nishes the graphitoid silicon, and formerly regarded as graphitoid boron, 
consist really of a compound of boron with aluminum (AlBj). 

The most remarkable form of boron is the crystallised variety or diamond 
of boron, which is obtained by very strongly heating amorphous boron 
with aluminum, and afterwards extracting the aluminum from the mass 
with hydrochloric acid. These crystals are brilliant transparent octahedra, 
wliich are sometimes nearly colourless, and resemble the diamond in their 
power of refracting light, and in their hardness, which is .‘<o great that 
they will scratch rubies, and will even wear away the surface of the 
diamond.* This form of boron cannot be attacked by any acid, but is 
dissolved by fused hydrates of the alkalies. The flame of the oxyhydrogen 

i blowpipe does not fuse it, and it only undergoes supeificial conversion 
into boracic acid when heated to whiteness in oxygon. ‘When heated to 
redness in chlorine, however, it burns, forming chloride of boron. Boron 
closely resembles silicon in its chemical relations to the other elements. 
It is not known, however, to form a compound with hydrogen, and has a 
greater disposition to combine with nitrogen tlian is manifested by silicon. 
It absorbs nitrogen readily when heated to redness, forming a white 
infusible insoluble powder, the nitride of boron (BN). 

85. The elements carbon, boron, and silicon form a natural group, pos¬ 
sessing many properties in common. They are all capable of existing in 
the amorphous, the graphitoid, and the crystalline forms; all incapable of 
being converted into vapour \ all exhibit a want of disposition to dissolve; 
all form feeble acids with oxygen by direct union; and all unite with 
several of the metals to form compounds which resemble each oth<;r. 
Boron and silicon are capable of direct union with nitrogen, and so is 
carbon if an alkali be present. Eecent researches attribute to silicon the 
power of occupying the place of carbon in some organic compounds, and 
the formulae of leucone and silicone (Si^H^Og and Si^HgO^) strongly remind 
us of the organic compounds of carbon with hydrogen and oxygen. In 
many of its physical and chemical characteri, silicon is closely idlied with 
the metals, and it will be found that tin and titanium bear a particular 
resemblance to it in their chemical relations. 

* The author has knoan them to cut through the bottom of the beaker-glass used in 
’^<4wparatuig them from the alumiuum. 
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Nssl4 i»Brt8 by welght=l vol. 14 gnis. =46'7 cub. in. at 80® F. aod 80" Bar. 

14 grms.-ll'2 litres at 0° C. sod 760 mm. liar. 

86. This element, which has already been referred to as forming four- 
fifths of the volume of air, is elsewhere found in nature in the forms of 
saltpetre or nitrate of potash (KNO,), and Chili saltpetre or nitrate of 
soda (NaNOg). It also occurs as ammonia (NH,) in the atmosphere and 
in the gaseous emanations from volcanoes. It is contained in the greater 
numbeivof animal, and in many vegetable substances, and therefore has a 
most important share in the chemi^ phenomena of life. 

Nitrogen is generally obtained by burning phosphorus in a portion of 
air confined over water (fig. 135). The phosphorus is floated on the water 
in a small porcelain dish, kindled, and 
covered with a bell-jar. The nitrogen 
remains mixed with clouds of phosphoric 
acid (PjO,), which may be removed by 
allowing the gas to stand over water. 

When nitrogen is required in larger 
quantity, it is more conveniently prepared 
by passing air from a gas-holder over 
metric copper heated to redness in a tube. 

The negative properties of this gas, how¬ 
ever, are so very iiniutei’esting, and render 
it so useless for most chemical purposes, 
that it will bo unnecessary to give further 
details resi)ectiug its preparation. Tlie 
remarkable chemical inactivity of free nitrogen has been alluded to in the 
article on atmospheric air. It lias been seen, howeveri to be capable of 
combining dix’cctly with boron and silicon, and magnesium and titanium 
unite with it even more readily at a high temperature. It is conspicuous 
among the elements for forming, with hydrogen, a powerful alks^ (am¬ 
monia, NHj.), and with oxygon a powerful acid (nitric acid, NjO,), whilst 
the feeble chemical ties which hold it in combination with other dements, 
joined to its character of a permanent gas, render many of its compotmds 
very unstable and explosive, as is the case with the so-called chloride and 
ioilide of nitrogen, gun-cotton, the fulminates of silver and mercury, nitro¬ 
glycerine, &c. 

The discovery of nitrogen was made by Rutherford (Professor of Botany 
in the University of Edinburgh) in 1772, who was led to it by the obser¬ 
vation that respired air was still unfit to support life when all the carbonic 
acid had been absorbed from it by a caustic alkali. Hence the name aeo/e 
(a priv. and life) formerly bestowed upon this gas. —- 



Fig. 1S6.—Pitioii.titn ol nitri^eii. 


Ammonia. 

NH^ = 17 parts by weight = 2 vols. 

87. The proportion of ammonia existing in atmospheric air is so sipaU 
that it is difficult to determine it with precision; it appears, however, not 
to exceed ono-hundredth of a grain in a cubic foot. This scaidty 
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an^oiiia in aic is not to be accounted for by a scantiu^s in ibe supplyi 
but fatihiOT by an excess in the demand; since ammonia is constantly sent 
£artb into ^e air by tbe putrefaction of animal and Vf^etable substances 
containing nitrogen. Plants do not appear to be capable of absorbing 
from the atmosphere the nitrogen which it conta^s so abundantly in the 
unoombiued form, but to derive their chief supply of that element from 
the a mmo nia, brought down b y rai n from the atmosphere, into which it is 
continua&y intro^*^ from various sourcea During the life , of an 
animal, it restores to the air the nitrogen which formed part of its wasted 
organs, in part directly as ammonia in the breath and in the exhalation 
from the skin,* whilst another portion is separated as urea and uric acid 
ill the urine, to be eventually converted into ammonia when the excretion 
undergoes putrefaction. Dead animal and vegetable matter when putre¬ 
fying, restores its nitrogen to the air, chiefly in the forms of ammonia 
and substances closely allied to it, but partly also, it is said, in the tree 
state. 

The liqmr ammoniie, or solution of ammonia in water, which is so largely 
used in medicine and the arts, is obtained chiefly from the amtmniacal 
liquor resulting from the destructive distillation of coal for tlie manufac¬ 
ture of gas. The aniraoniacal liquor of the gas-works contains ammonia 
in combination with carbonic and hydrosulphuric acid. As the first step 
towards extracting the ammonia in a pure state, the li(pioi' is neuiralisetl 
^ with hydrochloric acid, which combines with the ammonia, expelling the 
I carbonic and hydrosidphuric acid gases. Since the latter hiis a very biul 
I smell and is injurious to health, the neutralisation is generally effected 
I in covered vats furnished with pipes, which convey the gases into a furnace 
I where the hydrosulphuric acid is burnt, fonuing water and suljihurous 
I acid. The solution of hydrochlorate of ammonia is evaporated to expel 
part of the w'ater, and allowed to cool in wooden vessels lined with lead, 
where the hydrochlorato is deposited in crystals which contain a good 
deal of tarry matter. These crystals are moderately heated in an iron pan 
to deprive them of tar, and are finally purified by mUitmtim, that is,.by 
converting them into vapour, and allowing this vapour to condense- again 
.into tlm solid form. For this puri) 08 e the crys¬ 
tals are heated in a cylindrical iron, vessel covered 
with an iron dome lined with fire-clay. The hydro- 
chlorate of ammonia rises in vapour below a red 
heat, and condenses upon the dome in the form of 
the fibrous cake known in commerce as sat-am~ 
moniac. .. 

To obtain ammonia from tbis salt, an ounco of 
it is reduced to coarse powder, and rapidly mixed 
with two ounces of powder^ quicklime. The 
mixture is gently heat^ in a dry Florence flask 
(fig. 136), and the gas, being little more than Iralf 
as heavy as air (sp. gr. 0*59), may be collected 
in dry bottles by displacement of air, the bottles 
being allowed to rest upon a piece of tin plato 
Pig. 136.—Preparation jg perforated l&r the passage of the tube. 

To ascertain when the bottles are filled, a piece of 
red litmus paper may he held at some little distance above the mouth, 

» * Borne doubt exists as to ibe exhalation of ammonia from the lungs and akin of man 
unoar aoroMil coaditions. 
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it will At once acquire a blue colour if tbe amiuoiua escapes. Tbe 
bottles should be dosed with greased stoppers. 

The action of the lime upon hydxochlor^ of ammonia is explained by 
the following equation:— 

2(NH*.HC1) + CaO = CaCl, + H,0 + 2KH, 

Hydroohlor. amm. Lime. Chloride of calciam. Ammonia. 

The readiest method of obtaining ammonia for the stndy of its proper- 

ties consists in gently heating tno 
strongest liquor auimmiao in a retort 
or flask provided with a bent tube for 
collecting the gas by displacement (fig. 

137). Tne gas is evolved from the 
solution at a very low heat, and may 
be collected unaccompanied by steam. 

Ammonia is readily distin¬ 
guished by its very characteristic 
smell, and its powerful alkaline 
action upon red litmus and tur¬ 
meric papers. It is absorbed by 
water in greater proportion by 
volume than any other gas, one 
volume of -water absorbing more 
than 700 volumes of ammonia 
at the ordinary temperature, and 
becoming one-and-a-hidf volumes of solution of ammonia of specific 
giuvity 0*88. Ko chemical combination appears to take place between 
the water and ammonia, for the gas gradually escapes on exposing the 
solution to the air, and no definite comjiound of the two has been noticed. 
Moreover, the quantity of ammonia retained by the water is dependent 
upon the tempemture and pressure, as would be ex[)ected if the ammonia 
were merely dhtfolml and not combined with the water. The escape of' 
the gas from tlio solution is attended M'ith ^at production oTooId," much ^ 
heat becoming latent in the conversion of theafuhion*a from the liquid to * 
the gaseous state. J 

/ 

The rapid absorption of ammonia by water is well shown *l)y fiUing a globular 
flask (fig. 138) with the gas, placing it with its month downwards in a small ca]^)8ule 
of luercu^ which is placed m a large basin. If this 
basin be lUled with water, it cannot come into contact 
with the ammonia until the inoutli of the flask is 
raised out of the mercury, when the water will quickly 
enter an«l till the flask. The water should be coloured 
with reddened litmus to exhibit the alkaline reaction 
of the ammonia. 

That the amount of ammonia in solution vaiies with 
the pressure, may be proved by fiUing a barometer tube, 
over 80 inches long, with mercury to within an inch 
of the top, filling u; up with strong ammonia, closing 
the mouth of the tube, and inverting it with its moatn 
under mercury; on removing the finger, the diminished 
{H-essure causm by the gravitation of the column of 
mercury in the tube will cause the solution of ammonia 
to boil, from the escape of a large quantity of the gas, 
which wm rapidly depress the mercu^. If the pressure he now increased hyjnadu'- 
ally depressing the tube in a toll cylinder of mercury (fig. 139), the water wufagaiB 
abwvb the ammoniacal gas. 




Fig. 137. 
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To exhibit the easy expulsion.of the ammoniaeal ^ from water by heat, 
a moderately thiqk i^^he, about 12 inches long and 
half an inch in diameter, may be nearly filled with mer* 
cury, and then filled up with strong solution of ammonia; 
on closing it with the thumb and inverting it into a vessel of 
mercury (Sg. 140) the solution will, of course, rise above tlie 
mercury to the closed end of the tube. By grasping this end 
of the tube in the hand, a considerable quantity of gas may be 
expelled, and the mercury will be depressed. If a little hot 
water l>e poured over the top of the tube, the latter will become 
filled with ammoniaeal gas, which will he absorbed again by 
the water when the tube is allowed to cool, tlie mercury re¬ 
turning to fill the tube. 

The solution of ammonia, which is an article of 
commwee, is prepared by conducting the gas into 
water contained in a two-necked bottle, the second 
neck bei^ connected wnth a tube passing into another 
bottle containing water, in which any escaping am¬ 
monia may be condensed. The strength of the solu¬ 
tion is inferred from its specific gravity, which is 
lower in proportion as the quantity of ammonia in the 
solution is greater. 

I'lnis, at 57’ F., a solution of sp. gr. 0*8844 contains 3b' 
parts by weight of ammonia in 100 parts of solution ; tbc sp. 
gr. 0'8976 indicates 30 per cent. ; O'OlOb, 25 iwrcent. ; 0*9251, 
20 per cent. ; 0*9414, 15 per cent. ; 0*95y'5, 10 per cent. ; 
0*979, 5 per cent. Tlie specific gravity is ascertained by com¬ 
paring the w*eiglits of equal volumes of water and of the solu¬ 
tion at the same teiniteraiure. For this purjjose, a light 
stoppered bottle is provided, capable of containing abont two 
,, ^ fluid ounces. This is thoroughly dried, and coutiterjMMsinl in 

i ig. balance by placing in the opjtosite pan a piece of lead, w*hicb 

may lie cut down to tlie x^roper weight. The bottle is then filled with solution of 
ammonia, the tem]ieratui'e obsci*\'cd with a thermometer and recorded, the stopner 
inserted, and the bottle weighed. It is tlicn well rinsed out, filled with distilled 

water, the temperature equalised 
with that of the ammonia by 
Xdacing tbc bottle either in warm 
or cold water, and the weight as¬ 
certained as before. The sjici-ific 
gravity is obtain<*d by dividing the 
weight of the solution of ammonia 
by uiat of the water. The aminmiia- 
winter (fig. 141) is a convenient in- 
strument for rapidly ascertaining 
the si>ocific gnivity of liquids lighter 
than w'uter. It consists of a hollow 
glass float with a long stem, 
weighted with a bulb containing 
shot or mercury, so that when x>Iaceu 
in distilled water it may sink to 
1000° of the scale marked on the 
atom, this number representing 
the specific gravity of water. 
When placed ui a liquid lighter 
than water, it must, of course, 
sink lower in order to displace 
more liquid (since solids sink 
until they have displaced their 
own weight of liquid). By trying 




Fig. 140, 


it in liquids of known specific gravities,*tlio mark upon the scale to which it sinks 
may be 1^ indicate the siiecific gravity of the liquid. The ammonia-meter 
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generally lias a scale so divided Oiai'it. indicates at once tlie percentage weight of 
ammonia. In this country the specific gravity .of'a liquid is always supposed to be 
taken at 62” F. 

The common name for solution of ammonia, H^rit o/harfs hom, is 
derived from the circumstance that it was originaliy obtained for medici¬ 
nal purposes by distilling shavings of that raateriaL 

"V^en ammonia is exposed to a temperature of — 40® F. 72® 
below tho freezing-point), or to a pressure of 6^ atmospheres at 50°, it 
condenses to a clear liquid, which solidifies at a tempera¬ 
ture of — 103° F. to a white crystalline mass. The com- | 
parative ease witli whiuli it may be liquefied has led to its 
application in Carry’s freezing apparatus (fig. 142), in which ™ 

the gas generated by heating a concentrated solution of p | 

ammonia in a strong iron boiler (A) is liquefied by its own P 

pressure in an iron receiver (B) placed in cold water. {jiU 

When the boiler is taken off the fire and cooled in water, p 

the liquefied ammonia evaporates very rapidly from the | - 

receiver back into the boiler, thereby producing so much i I 

cold that a vessel of water placed in a cavity (C) in the re- 
ceiver is at once congealed into ice. A refrigerator con- 
structed upon this principle is employed in tlnj unit ^ardengj y. 
of the south of France, in order to render their crystal¬ 
lising operations independent of the temperature of the air. 

The liquefaction of ammonia- is very etisily eifccted by heating the ammoniated 
chloride of silver in one limb of a sealed tube, the other limb of which is cooled in a 
freezing mixture. A piet-e uf stout light green glass tube (A, fig. 143), about 12 





Fig. 142.—Carre's freezing apparatus. Fig. 143. 

inches long and half an inch in diauu-tcr, is drawn out at alwiit an inch from one 
end to a narrow neck. About 800 grains ol chloride of silver (dried at 400” F.) are 
introduced into the tube, so as to lie loosely in it. For this punwse a gutter of stiff 
paper (B) should be cut so ns to slide loosely in the tube, the chloride of silver 

{ daced upon it, and when it has been thrust into the tube (held horizontally) the 
atter should be turned upon its axis, so that the chloride of silver may fall out of 
the paper, which may then be withdrawn. The tnbe is now drawn out to a narrow 


the tube, which should be about four inches long. The tube is then supported by 
a holder, so that the long limb may be horizontal, and is connected, by a tube aua 
cork, with an apparatus delivering dry ammonia, prepared by heating 1000 grains of 
sal-ammoniac vnth an equal weight of quick-lime in a flask, and passing the gas, 
first into an empU" bottle (A, fig. 1441 standing in bold .water, and afterwards 
through a bottle vB) filled with lumps of quick-lime to absorb all aqneoTW vapour. 
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The long llinb of the tube must be surrounded with filtering paper, which is kept 
wet with^ cold water. The current of anunonia should be coutuued at a moderate 



Fig. 141 


rate, until the tube and its contents no longer increase in weight, which will occupy 
about three hours—about 35 grains of ammonia being absorbed. The longer limb 
is sealed by the blowpipe flame whilst the gas is still passing, and then, as quickly 
as possible, the shorter limb, keeping that part of the tube which is occupied by the 
ammoniated chloride of silver still carefully sunounded by-wet jjaper. 

When the shorter limb of this tube (fig. 145) 
is cooled in a mixture of ice and salt (or of 8 
ounces of sulphate of soda and 4 measured ounces 
of common hydrochloric acid), whilst the longer 
limb is gently heated from end to end by wavnig 
a spirit flame beneath it, the ammonia evolved 
hy the heat from the iimmoniated chloride of 
silver, which partly fuses, will condense into a 
beautifully clear liquid in the cold linih. When 
this is withdrawn from the freezing mixture, and 
Fig. 145. —Liouefactionofamnionia. tube allowed to cool, the liquid ummonia will 

boil and gradually disap^iear entirely, the gas laung 
again absorbed hy the chloride of silver, so that the tube is ready to be used again. 

Ammonia is feebly combu-stible in atmospheric air, as may be seen by 
holding a taper just within the mouth of an inverted bottle of the ga«, 
which burns with a peculiar livid flickering light around the flame, but 
will not continue to burn when the flame is removed. During its com¬ 
bustion the hydrogen is convci-tcd into water, and the nitrogen set free. 
In oxygen, however, ammonia bums with a continuous flame. 

This is very well shown hy surrounding a tube delivering a stream of ammonia 

(obtained hy heating strong solution 
of ammonia in a retort) with a much 
wider tube open at both ends (fig. 146), 
throngh which oxygen is passed by 
holding a flexible tube frain a gas-bag 
or gw‘holder nndemeath it. On 
kinming the stimm of ammonia it will 
give a steady flame of ten or twelve 
inches long. 

A similar experiment may bo made 
with a smaller supply of oxygen, hy 
lowering the tabs adivering ammonia 
int9 a Dottle or jar of oxygen, and 
applying a light to it just os it outers 
the mouth of the jar (ng. 147). 

The elements of ammonia are 
easily separated from each other 
by passing the gas through a red* 




Fig. 146. 
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hot tube, or still more readily by exposing it to the action of the high 
temperature of the electric spark, when the volume of the gas rapidly in- 



J’’ig. 147. 


Fig. 148. 


creases until it is exactly doubled, two volumes of ammonia being decom¬ 
posed into 1 volume of nitrogen and 3 volumes of hy«lrogen. 

For lliU cswrimeiit a uieii.«un‘(l volume of aininouia gas is confined over 
raerenry (fig. i4S), in a tube through which nlatiiium wii'os are sealed for the 
passage of the spark from an induction-coil. The volijn)e of tlie gas is doubled in 
a few minutes, and if the tulns furnished with a .stop-cock (A), the presence of 
fre<-. hydrogen may lie shown by filling the oj>en limb with mercury and kindling the 
gas as it issues from the jet.* • 

As might be expected from its powerfully alkaline character, nmmonia 
exhibits a strong attraction for acids, which it 
neutrali.sos perfectly. If a bottle of ammonia 
gas, closed with a glass plate, be inverted over 
a similar bottle of hydrochloric acid gas, and 
the glas.s plates withdmwn (fig. 149), the gases 
will combine, with disengagement of much 
heat, forming a white solid, the hydrocbloratc 
of ammonia (NH3.HCI), in whicli the acid and 
alkali have*nonti^ised each other. Again,- if 
ammonia be added tt' diluted sulphuric acid, the 
latterwill be entirely neutralised, aud byevapo¬ 
rating the solution, crystals of the sulphate of 
ammonia ( 2 NH 3 .H/).SOg) may be obtained. 

The substances thus produced by neutralising the acids with solution 
of ammonia bear a strong resemblance to the salts formed by neutralising 
the same acids with solutions of potash and soda, a circumstance which 
would encourage the idea that the solution of ammonia must contain an 
alkaline oxide similar to potash or soda. 

Berzelius was the first to make an experiment which appeared strongly 

* The eudiometer for passing electric B^iarks in rapid succession must have the 
wires passed through the glass as showu in fig. 148, or it will be crocked by the heat of the 
sparks. The outlet tube S, closed by a small screw clamp C, pinching a caoutchouc conneo- 
tor, allows the mercury to be drawn off when necessary, to eqnuise t^evd in the two limbs. 
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to £a>Yotii this view (commonly spoken of as tke ammonium theory of 
Berzelius). The negative pole of a galvanic battery was placed in contact 
with mercury at the bottom of a vessel containing a strong solution of 
anfinonia, in which the positive pole of the battery was immersed. Oxygen 
was disengaged at this pole, whilst the mercury in contact with the 
negative pole swelled to four or live times its original bulk, and became 
a soft solid mass, still preserving, however, its metallic appearance. 
So far, the result of the experiment I’esembles that obtained when 
hydrate of potash is decomposed under similar circamstances, the oxygon 
separating at the positive pole, and the potassium at the negative, 
where it combines with the mercury. Beyond this, however, the 
analogy does not hold ; for in the latter case the metallic potassium can 
be readily separated from the mercury, whilst in the former, all attempts 
to isolate the ammonium have failed, for the soft solid mass resolves 
itself, almost immediately after its preparation, into mercury, ammonia 
(NH 3 ), and hydrogen, one atom of the latter being separated for each 
molecule of ammonia. This w'ould also tend to support the conclusion, 
that a substance having the composition NH_, + H or had united 
with the mercury; and since the latter is not known to unite with any non- 
motallie substance without losing its metallic appearance, it would bo fair to 
conclude that the soft solid was really an amalgam of ammonium. How¬ 
ever, the increase in the weight of the mercury is so slight, and the 
“ amalgam,” whether obtained % this or by other methods, is so unstable, 
that it would appear safer to attribute the swelling of the mercury to a 
physical change earned by the presence of the ammonia and hydrogen 
gases. It is difficult to believe that the solution of ammonia does really 
contain an oxide of ammonium ( 2 NH 3 + H^O = when wo find it 

evolving ammonia so easily ; but it is equally difficult, upon any other 
hypothesis, to explain the close resemblance between the salts obtained by 
neutralising acids with this solutiou,and th5se furnishc<l by potash and soda. 

The ordinary mode of exliiVjitiijg the production of the so-called amalgam nf ammo¬ 
nium consists in acting upon the hydrochlorate of ammonia (NH,. IICl), or chloridr 
of ammmium (NH^Cl), with the'amalgam of sodium. A little pure mercury is 
heated in a test-tube, and a ])cllet of sodium thrown into it, when combination 
take.s place with great energj'. When the, amalgam is nearly cool it may be 
poured into a larger tube containing a moderately strong solution of chloride 
of ammonium ; the amalgam at once swells to many times its former bulk, 
forming a soft solid substance lighter than water, which may bo shaken out of 
the tube as a cylindrical mass, decomposing rapidly with effervescence, evolving am¬ 
monia and hydrogen, and soon recovering its original volume and liquid condition. 

88 . Aiomic weight and rolame of nitrogen .—17 grains of ammonia 
have been proved to contain 14 grains of nitiogon combined with 3 
grains of hydrogen. The latter gas heing taken as the unit of atomic 
weight, the 3 grains would represent 3 atomic weights of hydrogen, and 
the <iuestion arises, How many atomic weights of nitrogen are represented 
hy the 14 grains? On referring to the composition of ammonia by 
volume, we find that it furnishes three volumes of hydrogen for one volume 
of nitrogen when decomposed hy the electric spark (p. 126), and hence it 
must contain one atom of nitrogen (14) and^hree atoms of hydrogen (3). 

It will also be seen hereafter tl^t the hydrogen in ammonia can ^ 
replaced hy oth(*r bodies in thircU, showing that there must he three 
atoms of hydrogen pr^nt, whilst the 14 parts of nitrogen cannot be re- 
' placed in ficketions, so that it must represent a single atom. The specific heat 
of hydrogm is |ound hy experiment to be 13*6 times that of nitrogen, so that, 
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allowing for errors in determining it, 14 parts of nitrogen may be taken to be 
associated with the same amount of heat as one part of hydrogen (see 8). 

89. Detmninixlion of nitrogen in.orgmie mhdances .—An exact know¬ 
ledge of the composition of ammonia is of great importance, because the 
general method of ascertaining the proportion of nitrogen present in animal 
and vegetable substances consists in converting that element into ammonia, 
which, being collected and weighed, furnishes by calculation the weight of 
nitrogen present. 



Fig. 150.—Estimation of nitrogen, 
of the hydrates, in the form of ammonia, 


To ascertain the proportion of nitrogen present in an organic suhslauce, a weighed 
quantity of it is mixed with a 
large proportion of soda4imt (a 
mixture of hydrate of soda and 
hydrate of lime), and introduced 
into a tube of Gcnnan glass (A, 
hg. 150) to which is attached, by 
a perforated cork, a bulb apparatus 
(B) containing hydrochloric acid. 

On heating the tube inch by inch 
with a charcoal or gas furnace, 
the nitrogen of the substance is 
evolved in combination with the h 

which is ahsorlied by the hydrochloric acid in the buDe. When the whole length 
of the tul>e has been heated, the point (C) is nipped off, and air drawn through by 
applying suction to the orifice (D) of the bulb apparatus, so that all the ammonia 
may be tarried into the hydrochloric acid. Its weight is then ascertained, either by 
evaporating the li<[uid in a weighed dish placed over a steam bath, and weighing the 
hyarochlorate of ammonia, or more accurately by converting it into the double 
chloride of platinum and ainmonitim. Sometimes a solution of sulphuric acid of 
known strength is substituted for the hydrochloric acid in the Imlbs, and the 
weight of the ammonia is ascertained by determining the quantity of acid w'hich 
has been neutralised. 

To illustrate the change which takes place when the organic substance is heated 
with the hydrates of soda and lime, let it be 
niitted to anal 3 'sia. 

CH^X.O + Na,0.H,0 = Na.O.CO, + 2X11, 

Urea. 

The caustic soda alone would be too fusible and would corrode the glass too rapidly. 


snp])osed that urea is the substance sub- 


In the analysis of an organic substance containing carbon, hydrogen, 
nitrogen, and oxygen, the [iroportions of carbon and hydrogen having been 
ascertained by the method described at p. 80, and that of nitrogen by the 
process given above, the sum of the carbon, liydrogen, and nitrogen is 
deducted from the entire weight of the substance to obtain the proportion 
of oxygen. Tlie weights thus found are divided by the atomic weights 
of the several elements to obtain the empirical formula, wliich is converted 
into a rational formula on the principle illustrated at p. 82. 

For example, 10 grs. of urea were found to contain 2 grs. of carbon, 0’66 
gr. of hydrogen, and 4’67 grs. of nitrogen. 

10 grs. of urea minus 7*33 (carbon, liydrogen, and nitrogen) = 2‘67 grs. 
of oxygen. 

Dividing each of these numbers by the atomic weight of the element 
to which it refers, we have, 

2*0 ^ 12 = 0’165 atomic proportion of carbon, 

■ 0-66 -f- ' 1 = 0 *6 „ „ hydrogen, 

4^67 - 14 = 0*33 „ „ nitrogen, 

2‘67 - 16 = 0*165 „ „ oxygen, 


lending to the empirical formula, in its simplest form, for urea. 

But urea is an organic base, capable of uniting with acids to form salts, 
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lind it Q found t^t to nentraHse one moleoukr weight (36'6 parts) of 
hjdxochloric acid, 60 parts of urea are necessary. TMs quantity would 
contain 12 parts (one atom) of carbon, 4 parts (four atoms) of hydrt^en, 
28 ports (two atoms) of nitrogen, and 16 parts (one atom) of oxygen, so 
that the amve fomula would correctly represent the molecule of urea. 

90. Formation of ammonia in the meting of iron. —^Although free 
nitrogen and hydrogen cannot be made to form ammonia by direct com¬ 
bination, this compound is produced when the nitrogen meets with hydro¬ 
gen in the nascent state; that is, at the instant of its liberation from a 
combined form. Thus, if a few iron filings be shaken with a little water 
in a bottle of air, so that they may cling round the sides of the bottle, 
and a piece of red litmus paper be suspended between the stopper and the 
neck, it will be, found to have assumed a blue colour in the course of a 
few hours, and ammonia may be distthctly detected in the rust which is 
produced. It appears that the water is decomposed by the iron, in the 
presence of the carbonic acid of the air and water, and that the hydrogen 
liberated enters at once into combination with the nitrogen, held in 
solution by the water, to form ammonia. 


91. Production of nitrous and nitric acids from ammonia. —If a few 
drops of a strong solution of ammonia be poured into a pint bottle, and 
ozonised air (from the tube for ozonising by induction, fig. 48) b«‘ passed 
into the bottle, thick white clouds will speedily be formed, consisting of 
nitrite of ammonia, the nitrous acid having been produced by the oxida¬ 
tion of the ammonia at the expense of the ozonised oxygen— 

4 NH 5 + -- 2NH,.H.p.l5r,0, + 2H,(). 

Nitrite of Bininoniii. 


If copper filings bo shaken with solution of ammonia in a bottle of air, 
wliite fumes will also be produced, together with a deep blue solution 
^ containing oxide of copper and nitrite of ammonia; 

the act of oxidation of tlie copper appealing to have 
induced a simidtancous oxidation of the ammonia. 

A coil of thin platinum wire made round a pencil, 
if heated to redness at the lower end and suspended 
in a flask (fig. 151) with a little strong ammonia at 
the bottom, will continue to glow for a great length 
of time, in consequence of the combination of th(^ 
ammonia with the oxygen of the air taking place at 
its surface, attended with great evolution of heat. 
Thick white clouds of nitrite of ammonia are formed, 



Pig. 151. 




and frequently red vapour of nitrous acid’ (NjOg) itself. 

If a tube delivering oxygen ges be passed down to the bottom of the flask (iig. 
152), the action will be far more energetic, the beat of the platinum rising to white¬ 
ness, when an explosion of the mixtaro of ammonia and 
oxygen will ensue. After the explosion the action will 
recommence, so that the explosion will repeat itself as often 
as may he wished. It is unattended with danmr if the 
mouth of the flask be pretty large. By regulating tiie stream 
of oxygen, the bubbles of that gas may be made to bom as 
tb^ pass through the aiRmonia at the bottom of the flask. 

The oxi^ion of ammonia may also he shown by the 
arraugement’Tepresented in fig. 158. Air is slowly passed, 
from the B, through very weak ammonia in the 

bottle a, into a l^d glass tube having a piece of red litmus 
paper at h, and a ping of platinised asbestos in the 
jN(;.|g52. cmitre, heated by a gas-burner; a piece of blue litmus paper 
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is placed at e, and the tube is connected with a larm globe (d). Tbe red litmus at b 
is changed to blue by the ammonia, whilst the blue litmus at c is reddened by the 
nitrous acid produced in its oxidation, and clouds of nitrite of Smmouia, accompanied 
by red nitrons fiunes, appear in d. 


e 2 



Fig. 153. —Oxidhtion of aintnonia. 


(The burner represented in the figure is a Bunsen burner (p. 103), surmounted by a 
T-piece with several holes.) 

In the presence of strong bases, and of porous materials tifTavoux oxi¬ 
dation, ammonia appears to be capable of suffering further oxidation and 
conversion into nitric acid, which combines with the base to form a nitrate, 
thus— 

2NH, H- CaO + 0* = CaO. N/), + 3H,0 . 

Xitrute of flniG. 

This formation of nitrates from ammonia is commonly referred to as 
ititrijTcatfoti, and appears to play an important part in the formation of 
the natural supplies of saltpetre which arc of so great importance to the 
arts.* 


CoMi’ouNDS OF Nitrogen and Oxygen. 

92. Though these elements in their pure state exhibit no attraction for 
each other, live comiiounds, ■which contain them in different proportions, 
have been obtained by indirect processes. 

When a succession of strong electric sparks from thw induction coil is 
passed tlirough atmospheric air in a fla.sk (especially if the air be mixed 
with oxygen), a red gas is forme<l in small quantity, which 
is either nitrous acid (N,Oj) or nitric peroxide (NOj). 

If the experiment be made in a graduated eudiometer (fig. 154), 
standing over water coloured with blue litmus, the latter will very 
soon be reddened by the acid formed, and the air ■will be found 'to 
diminisb very considerably in volume, eventually losing its power 
of supporting combustion, in conseiiuence of the removal of oxygon. 

When hydrogen gas, mixed witli a small quantity of 
nitrc^on, is burnt, tlio water collected from it is found to 
liave an acid tMte and reaction, due to the presence of a 
little nitric acid, resulting from the oombinatidn of the 
nitrogen with the oxygen of the air under the influence of Fig. 164. 
the intcmse heat of the hydrogen flame. 

Since all the compounds of nitrogen and oxygen are obtain^, in prac¬ 
tice, from hydrated nitric acid, the chemical history of that substance, 
must precede that of the oxides of nitrogen. 

• The chsrcosl which has been used in the sewer ventilators (see p. 64) has been 'found 
to contain abundance of nitrates. 
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PEEPABAnON OF NITEIC ACID. 


Nitbio Aotd. 

93. This most important acid is obtained from saltpetre, vrhicb is 

found as an incrustation upon 
' the surface of the soil in hot 
and dry climates, as in some 
parts of India and Peru. The 
salt imported into this country 
from Bengal and Oude consists 
of nitrate of potash (KNO,), 
■whilst the Peruvian or Chilis 
saltpetre is nitrate of soda 
(hTaNOg). Either of these will 
Fig. 156.-l^paratiou of nitric acid. serve for tho preparation of 

nitric acid. 

On the small scale, in the laboratory, nitric acid is prepared by distil¬ 
ling nitrate of potash with an equal weight of concentrated, sulphuric acid. 

, In order te make the experiment, four ounces of powdered nitre, thoroughly dried, 
may he introduced into a pint-stoppered retort (fig. 155), and two and a half mea- 
sored ounces of concentrated sulphuric acid i»oui^ui)on it. As soon as the acid has 
soaked into the nitre, a gradually increasing heal may he applied by means of an 
Argond burner, when the acid will distil over. It must be preserved in a Stoppered 
bottle. 

When the acjd has ceased distilling, tlie retort should be allowed to cool, and filled 
with water. On applying a moderate heat for some time, the saline residue will b<i 
dissolved. The .solution may then he poured into an evaporating dish, and evapo¬ 
rated down to a small bulk. On allowing the concentmted solution to cool, crystals 
of hisulphate of potash (KHSO4) are deposited, a salt which is vi-ry useful in many 
metallurgic and analytical operations. 

Tho decomposition of nitrate of potash by an equal weight of concen¬ 
trated sulphuric acid is explained by the equation— 

KlfO, -I- IlgSO^ = imOg + KHSO 4 . 

Nitrate of ITydrated Uydrated Biaolphate of 

potash. sulphuric acid. nitric acid. potash. 

It would appear at first sight that one-half of tho sulphuric acid might 
be dispensed with, Hut it is found that when less sulphuric acid is 

employed, so high a tem¬ 
perature is required to 
effect the complete decom¬ 
position of the saltpetre 
(the above equation then 
representing only the first 
stage of the action), that 
much of file nitric acid is 
decomposed j and the neu¬ 
tral sulphate of potash 
(KjSO^y, which would be 
the final re8tdt,is not nearly 
80 easily dissolved out of 
the retort by water as the 
bkulphate. 

T,. ^ . ... preparation of 

F,g. 156. -Preparation of nitric acid. quantities of nitric 

acid, the nitrate of soda is substituted for nitrate of potash, being much 
chei^per, and furnishing a larger proportion of nitric acid. * 
















PROPERTIES OF EITRIO ACID. 


liSl 


'ilie nitrate of aoda is introduced into an iron cylinder (A, fig. 156), lined with fire* 
(day to protect it iirom the action of the acid, and half its weight of sulphuric acid 
(ou of Tutriol) is poured upon it. Heat is then applied by a fnfnace, into which the 
cylinders are built, in paii^ when the hydrated nitric add passes off in vapour, and 
is condensed in a series of stoneware bottles (B), snrronnded with cold water. 


2NaJ503 
Nitrate of 
aodtt. 


+ HjSO^ 
oil of vitrioL 


NilSO, + 2 Hlf 03 .' 

Sulphate of HT’drateC 

soda. nitric acid. 


l%e sulphate of soda left in the retort is osefol in the manufacture of glara. 

. In tho preparation of nitric ^id, it will bo observed at the beginning 
and towards tho end of the operation, that the retort becomes filled with 
a red vapour. Tliis is due to the decomposition by heat of a portion 
of tho colourless vapour of nitric acid, into water, oxygen, and nitric 
peroxide— 

2nN03 = H3O + 0 f 


this last forming the red vapour, a portion of which is absorbed by the 
hydrated nitric acid, and gives it a ycUow colour. The pure nitric acid 
is colourless, but if exposed to sunlight it becomes yellow, a portion 
suflbring this decomposition. In conseciucuce of the accumulation of the^ 
oxygen in tho upper part of the bottle, the stojiper is often forced out 
suddenly when tlio bottle is opened, and care must be taken that drops, 
of this very eorro.sivo acid bo not spirted into the face. 

The strongest nitric acid (obtained by distilling perfectly dry nitre 
with an equal w'eight of pure oil of vitriol, and collecting the middle 
portion of the acid separately from the fir-st and last portions, which are 
somewhat "weaker) emits very thick grey fum§s when expose’d to danip 
air, because its vapour, though itself transparent, absorbs water very 
readily from the air, and condenses into very minute drops of diluted 
nitric acid "wdiich compose iho fumes. Tlie weaker acids commonly sold 
in the shops do not fume so strongly. An exact criterion of the strength 
of any sample of the acid is afFoi’dod by tho specific gravity, which may 
be ascertained by the methods described at page 122, using a hydrometer 
adapted for liquids heavier than water. Thus, the strongest acid (HKOJ 
has tho specific gravity r52;* "whilst the ordinai"y agu^i/nriis or diluted 
nitric acid has the sp. gr. 1*29, and contains only 4G-0 isjflfcent. of 
The concentrated nitric acid usually sold by the op<’rative chemist {douhh 
mjnafor/is) has the sj). gr. 1"42, and contains 67*6 j)er cent, of HJfOg. 

A very characteristic property of nitric acid is that of staining the skin( 
yellow. It produces the same effect upon most animal and vegetable 
matters, especially if they contain nitrogen. The application of this ii^ 
dyeing silk of a fast ycUo^v colour may he seen by dipping a skein 0 ^ 
white silk in a "warm mixture of concentrated nitric acid with an equal 
volume of water, and afterwards immersing it in dilute ammonia, which 
"will convert tlie yellow colour into a brilliant orange. When sulphuric 
or hydrochloric acid is spilt upon the clothes, a red stain is produced, and 
a little ammonia restores the original colour; hut nitric acid stains are 
yellow, and ammonia intensifies instead of ramoving them, though it pre¬ 
vents the cloth from being eateir into lioles. 

Nitric acid changes most organic cedouring matters to yellow, hut, unless 
very concentrated, it merely reddens litmus. If solutions of indigo and 

• It is eirtremely difficult to obtain the UNO, free from any extraneous "water, as it 
undergoes decomppsition not offiy "when vaporised at the boiling point, but even at ordinary 
temperatures. 
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litmus are 'wunued in separate flasks, and a littile nitiic acid added to each, 
tile indigo will become yellow and the litmus led. Heare the in<^o 
(CjHjifO) acquires oxygen from the nitric acid, and is conTerted into 
haiine (CgHjlfO,). 

When hydratM nitric acid is heated, it be^ns to boil at 184° F., but 
it cannot to distilled unchanged, for a considerable quantity is decom¬ 
posed into nitric peroxide, oxygen, and water, the two first passing off in 
the gaseous form, whilst the water remains in the retort with the nitric 
acid, which thus becomes gradually mois and more dilutedj^ until it con¬ 
tains 68 per cent of HNO^, when it passes over unchanged at the 
temperature of 248° F. The specific gravity of this acid is 1 *42. If an 
acid weaker than this be submitted to distillation, water will pass off 
until acid of this strength is obtained, when it distils over unchanged. 

The specific gravity of the vapour of nitric acid, at 187° F., has been 
determined as 29*6 (H=sl), which is sufficiently near to half of 63 to 
show that the molecule HNO, would occupy exactly two volumes if it 
had not suffered partial decomposition by heat. 

• The facility with which hydrated nitric acid parts with a portion of its 
} oxygen, renders it very valuable as an oxidising agent. Comparatively 
I few substances which are capable of forming compounds with oxygen can 
^escape oxidation when treated with nitric acid. 

A small piece of phosphorus dropped into a porcelain dish containing 
' the strongest nitric acid (and placed at some distance to avoid danger), 

) soon begins to acst upon the acid, generally with such violence as to burst 
out into flame, and sometimes to shatter the dish ; the result of this action 
^ hydrated phosphoric acid, the same compound which is formed in the 
anhydrous state, when phosphorus is burnt in oxygen gas. 
k. When sulphur is heated with nitric acid, it is actually oxidised to a 
greater extent than when burnt in imre oxygen, for in this case it is con¬ 
verted into sulphurous acid (SO,), W'hilst nitric acid imparts to it three 
atoms of oxygen, forming sulptoiric acid (SOj). 

/ Charcoal, which is so unalterable by most chemical agents at the 
^ordinary temperature, is oxidised by nitric acid. If the strongest nitric 
lacid be poured upon finely powdered charcoal, the latter takes fire at 
[^once. 

Ey&d. iodine, which is not oxidised by free oxygen, is converted into 
, iodic acid (1,0 b) ^7 totric acid. 

■ It not unfrequently happens in this manner that oxygen, in a state of 
unstable combination, is more prone to unite with other substances tiian 
. when it is in a free state. It would seem that the disposition to com- 
^ bination having been once impressed upon it is retained, so as to facilitate 
its union with other bodi^. 

But it is especiaUy in the case of metals that the oxidising powers of 
nitric acid are called into useful application. 

Acids are not capable of forming salts with metals, but only with their 
oxides. Hence, when a metal is dissolved by any oxygen acid, the 
latter must first convert the metal into an oxide, which then acts upon 
the acid to form a salt. « 

For the purpose of facilitating the explanation of the action of nitric 
acid upon metkb, it will be found convenient to represent the hydrated 
nitric acid by the formula ( = 2HN0j), for which it will be 

preset^tiy seen that some justification is afforded % the fimt that it may 
be pwwinoed by dissolving anhydrous nitric acid (17,0*) in water. 
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If a little black oidde of copper be heated in a test>tube with nitric 
acidy it dissolres, without evolution of gas, yielding a blue solution, which 
contains the nitrate of copper. In this case the oxide of copper may be 
represented as having simply displaced the water of the hydrated acid-^ 

CuO + H^O.NA = H,0 + CuO.N.ObU 

Oxide ef copper. - Nitrate of oopp^ 

But when nitric acid is poured upon metallic copper (copper turnings), 
a very violent action ensues, red fume s are abundantly evolved, and the 
metal dissolveh in the form of nitrate of copper— 

4(H,0.K,0,) + Cu, = 3(Cu0.irA) + + 2m. 

Nitra(e of copper. Nitric oxide. 

' The nitric oxide itself is colourless, but as soon as it comes into contact 
with the oxygen of the air, it is converted into the red nitric peroxide, 

+ 0 = NOjj. 

All the metals in common use are acted upon by nitric acid, except 
gold and platinum, so that this acid is employed to distinguish and 
separate these metals from others of less value. Tlio ordinary ready , 
method of ascertaining whether a trinket is made of gold consists in 
touching it with a glass stopper wetted with nitric acid, which leaves 
gold untouched, but colours base alloys blue, from the formation of 
nitrate of copper. The iouehstune allows this mode of testing to be^ 
applied with greater accuracy.’ Tt consists of a snccies of black basal t, 
obtained chiefly from Silesia. If a piece of gold be drawn across its sur¬ 
face, a golden streak is left, which is not affected by moistening with 
nitric acid; whilst the streak left by brass, or any similar base alloy? 
would bo rapidly dissolved by the acid. Experience enables an operator! 
to determine by means of the touch-stone pretty nearly the amount of 
gold present in the alloy, comjjarison being made with the streaks left by 
alloys of known composition. 

Though all the metals in common use, except gold and platinum, are oxidised by 
nitric acid, they are not all dissolved; there are two metals, tin and antimony, which 
are left by the acid in the state of insoluble oxides, which posc3SS acid properties, 
and do not unite with the nitric acid. 

If some concentrated nitric acid he jwured npon tin filings, no action will bo 
observed;* but on adding a little water, red fnmes will be evolved in abundance,^ 
and the tin will be converted into a white powder, which is the binoxide of tin^ 
(SnOo), 2 >^dty povoder. The gas which is evolved in this case is the nitric peroxide 
(NOj), and the action of the acid is reiiresentcd by the e'juation which follows:— 

2(H,0.Nj 08> + Sn = SnOa + 2H,0 + 4NOj. 

If the white mixture of binoxide of tin with nitric acid bo made into a p«wte with 
slaked lime, the smell of ammonia will be exhaled; and experiments with other 
metals have shown it to he a general principle, that wlien any metal capable of 
decomposing water is dissolved in diluted nitric acid, ammonia is always formed, its 
quantity increasing with the degree of dilution of the nitnc acid; of coarse, the 
amaonia combines with the excess of acid present to form^ nitrate of ammonia, and 
the lime was added in the above experiment in order to displace the ammonia ftom 
its combination, and to exhibit its odour. This conversion of nitric acid into 
ammonia becomes the more interof^ing when it is remembered that the ammonia 
can be reconverted into nitric acid (p. 129). _ 

By dissolving rino in very diluted nitric acxd, a very large quantity of ammonia 
may be obtidned. The change is easily followed if we suppose tha noseend hydrogen 

* It is a fact which has scarcely been explained in a satisfactoij manner, that the con¬ 
centrated niMe acid often refuses to act upon metala which are violently attaeked by the 
diluted acid. 
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(or lij4iogen wii^ the toudency to combination still remaining impressed upon it, 
see p. 1S2), produced by the action of the zinc upon tbe water, to act bpon the nitric 
ad.^ converting its oxygen into water, and ns nitrogen into ammonia, thus— 
HNOg + Hg = 8H«0 + NHg. The exalted attractions possessed by substwces in 
the nascent state, tnat is, at the instant of their passing fiom a state of combination, 
^ye vjivig^kable, and will be found to receive frequent application.* , 

Action cjf nitric acid upon organic substances .—The oxidising action 
of nitric acid upon some oi^anic substances is so powerful as to be 
attended with inflammation j if a little of the strongest nitric acid be 
placed in a porcelain capstde, and a- few drops of oil-nf turponfa e bo 
poured into it from a test-tube fixed to the end of a long stick, the tur¬ 
pentine takes fire witli a sort of explosion. By boiling some of the 
strongest acid in a test-tube (fig. 157), the mouth of which is loosely 
stopped with a plug of raw silk or of horse-hair, the latter may be made, 
to take fire and bum brilliantly in the vapour of nitric acid. 

In many cases the products of the action of nitric acid exliibit a most 
interesting relation to the substances from which they have been pro^ 

duced, one or more atoms of the hydrogen of 
the original compound having been removed 
in the form of water by the oxygen of the nitric 
acid, whilst the spaces thus loft vacant have been 
filled up by the nitric peroxide resulting from 
the deoxidation of the nitric acid, jiroducing 
wliat is termed a nitro-mthstitutioH compound. 
A very simple example of this displacement of 
H by XOj is afforded by the action of nitric 
acid upon benzole, /A little concontmted nitric 
acid is placed in a flask, and benzole cautiously 
dropped into it; a violent action ensues, and the 
acid becomes of a deep red colour; if the contents of the flask be now 
poured into a large vessel of water, a heavy yellow oily liquid is separated, 
having a powerful odour, like that of bitter almond oil. This substance, 
which is used to a considerable extent in perfumery under the name of 
essence of mirbane, is called 7iitro-ljenwle, and its formula, CJl 3 (NOJ, at 
once exhibits its relation to benzole, Cgll6.+ 

I But the change does not stop here, for by continuing the action of the 
[acid, dinitro-henzole 0 ^ 1143 ( 110 ;,) is obtained, in which two atoms of 
• hydrogen have been disjflaced by nitric peroxide. 

It is by an action of this description tliat nitric acid gives rise to gun¬ 
cotton, and other explosive substances of the same class, when acting upon 
the different varieties of woody fibin, as cotton, paper, sawdust, &c. 

The preparation and composition of gun-cotton will be dcscrilred here¬ 
after. 

94. The oxidising effects of nitric acid are not confined to the free acid, 
but are shared to some extent by the nitrates. A mixture of nitrate of 

* When a solution of nitrate of potash is mixed with a strong solution of caustic potash, 
and heated with granulated zinc, ammonia is abundantly disengaged, being produceil from 
the nitric acid by the nascent hydre^on resulting ^rom the action of the zinc upon the 
caustic potash. 

Becent exi>erimeuts have indicated the existence of substances intermediate between 
the nitric acid and the ammonia into which it is finally converted One of those, named 
hydroxyUmme, NH,0, has been examined. It is a well-defined base, forming cryst^line 
salts with (he adds. 

tC,H. + HNO, * aH,(NO,) -I- H,0. 

C,H« + 2(UN0,) ^q,H42(NO») -b 2H,0. 


Fig. 157. 
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lead ^rcoal ex plodes Trlien al mrply rtmck, fr om iJxe sadden evola> 
of c a^iiio acid produ ced b y the o»datioii of tlift fATlyt Ti. If a few 
crystals oFnitrate of copper bo sprinkled with water an d quickly y oupped 
up in tin-foil, the latter will, after a time, be so vioTenl^ biidi^ as to 
emit brilliant sparks. 

But in the case of bases which retain the nitric acid with greater force, 
such as the alkalies, the oxidation takes place only at a high tempera¬ 
ture. If a little nitre be fused in an earthen crucible or an iron l^e, 
and, when it is at a red heat, some powdered charcoal, and afterwards 
some flowers of sulphur, be thrown into it, the energy of the combustion 
will testify to the violence of the oxidation. In this manner the carbon 
is converted into carbonate of potash (KjO.COj), and the sulphur into 
sulphate of potash (ElgO.SOg). See Gunpowder. 

Combining weight of nitric cxkl .—^Experiment proves that 56 parte by 
weight (1 molecule) of caustic potash are neutralised by 63 parts of hy¬ 
drated nitric acid, and this quantity of the acid is found to contain 1 part 
of hydrogen, 14 parts of nitrogen, and 48 parts (3 atoms) of oxygen. 
Hence the formula of the acid is written HNOg. 


95. Anhydrous nitric acid or nitric anhydride (NjOj) is obtained by gently beating 
nitrate of suver in a slow current of chlorine, great care being taken to exclude every 
trace of water— 


AggO . NgO, 

Nitrate of sliver. 


Clg = 


= 2AgCl + 

Chloride of silver. 


+ . 

Nitric anbydildi:. 


The anhydride is condensed as a crystalline solid in a receiver cooled with ice and 
salt. It forms traus|inrent colourless prisms which liquefy at 85* F., and boil at US’*. 
By a slightly higher tcmiierature it is readily dccom]K>sed ; and it has been said to 
decompose, even at the ordinary temperature, in sealed tubes which were shattered 
by the evolved gas. 

When the anhydride is brought in contact with water, much heat is evolved, and 
hydrated nitric acid is produced. 

The specific gravity of the vapour of anhydrous nitric acid being unknown, it is 
only a surmise that its molecule is reju-esented by lv.,0,. Its formation by the 
action of chlorine upon nitrate of silver appears to take place in two stages; ( 1 ) 
Ag.KOj.O + CI 3 AgCl + NOjCl {chloride of azoiyle) + 0 and (2) NOgCl + 
Ag.NOg.O =s AgCl + NOg.NOj.U (anhydrous nitric acid.) 

The dispo.sitiou of HNU* to give NOj as a product of itr decomposition, and to 
exchomge it for the hydrogen of organic substances, leads to the belief that it is I'eally 

formed upon the type of a molecule of watei 0 , in which half the hydrogen is 

displaced by NOg. The relation between the an lydrous and the hydrated acid and 

the nitrates would then be a very simple one; anhydrous nitric acid, | 0 ; 

hydrated nitric acid, | 0 ; saltpetre, | 0 . 


Nitrates .—Its attraction for bases places nitric acid among the strongest 
of tho acids, though tho disposition of its elements to assume the ga^ous 
state at high temperatures, conjoined with tho feehle attraction existing 
between nitrogen and oxygon, causes its salts to bo decomposed, without 
exception, by heat. 

Tho nature of tho decomposition varies with tho base contained in the 
nitrate. The nitrates of vejy powerful bases (such as the alkalies) axe 
first converted into nitrites by the action of heat j thus BljO.NjOj gives 
KjO.NgOj and 0,; the nitrites themselves being eventu^y decomposed, 
evolving nitrogen and oxygen, and leaving the uncomhined base. The 
nitrates of feebler bases (such as oxide of copp^ and oxide of lead) evolve 
nitric peroxide (NO,) and oxygen, the base being Irft, unless it be deeom- 
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posible Vy heat, as is the case with the ojddes of silver and memiry, wh m 
the metal itsdf will he separated. As a general rule, the_mtratee_ait fli 
eaaily stduhle in water. 

As in the case fCe carbonates, the nitrates may be represented mther 
by substitutive formulie, representing them as derived from one or more 
molecules of HNO, by the substitution of metals for the hydrogen, or by 
additive formulae, as composed of the metallic oxides combined with the 
anhydrous nitric acid Generally speaking, the additive formulie 

are more convenient for explaining the decompositions in which these 
salts take part. 

Comparatively few of the nitrates are in common use; the following 
table contains those most frequently used :— 


Chemical Name. 

Common Kame. 

Additive Formula. 

Stthatltutive Formula. 

Nitrate of pot 
ash 

Nitrate of soda 

Nitrate of stron- 
tia 

Basie nitrate of 
bismuth 

Nitrate of silver 

Nitre, saltpetre 

Cubic nitre | 

Peruvian saltpetre ) 

Nitrate of strontian 

Trisnitrate of bis- 1 
mutli [ 

Flake white ) 

Lunar caustic 

K,0.N,0, 

Na^O. NjjOj 

SrO. NjO, 

BiA-NA-HsO 

AgsO . NjOj 

KNO, 

• 

NaNO, 

SriN,)* 

AgN 03 


96. Nitrous oxide ox laughing gas (Nfi -- 44 parts by weight = 2 vols.) 
is prepared by heating nitrate of ammonia, when it is resolved into water 
and nitrous oxide.* 

. IIXO3 = 2H3O + . 

-J Nitrate of ammonia is obtained by adding fragments of carbonate of ammonia to 
nitric acidt diluted with an equal volume of water, until the carbonate no longer 
effervesces in the liquid, which is then evaporated down until a drop solidifies on a 
cold surface, when the whole may he poured out upon a clean stone, and the mass 
broken up and preserved in a well-stoppered bottfe, because it is liable to attract 
moisture from the air. To obtain the nitrous oxide, an ounce of the salt may be 
gently heated in a small retort, when it molts, boils, and gradually disappears 
entirely in the forms of steam and nitrous oxide. The latter may be collected, wiUi 
slight loss, over water. 

Nitrous oxide is perfectly colourless, but has a slight odour and a 
sweetish taste. Its characteristic intoxicating property is well known. 
It acederates the combustion of a taper like oxygen itself, and wiU 
even kindle into flame a spark at the end of a match. It can 
readily he distinguished from oxygen^ however, by shaking it with water, 
which absorbs, a:t the^ordinary temperature, about three-fourths of its 
volume of the nitrous oxide. It is ^so much heavier than oxygen, its 
specific gravity being 1 *63, and is not a permanent gas, being liquefied 
. by a pressure of 40 atmospheres at 46® F., and solidified at -160® F. 
It is now sold in a liquid state in wrouglxt iron vessels for use as an 
anaesthetic in dental surgery. 

* By passing Ibe mixture of nitrous oxide tmd aqueous vapour over hydrate of potash at 
a dull red hea^ nitric acid and ammonia are mprodueed. 

t Which must remain clear when tested with niiaate of silver, shoAving it to be free from 
chlorine. 
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The liquid nitrous oxide possesses properties similar to those of liquid carbonic 
acid with respect to its rapid STapoiution ; but it may be drawn into test-tubes in a 
liquid state irom the receiver. A lighted match thrown into the liquid bums with 
great brilliancy. When mixed with bisulphide of carbon and evaporated in vacuo, 
it produces the lowest temperature hitherto obtained—220” F. . v . ; . 

97. Nitric oxMe (170 = 30 parts by weight = 2 vols.) is tisually 
obtained by the action of copper upon dilated nitric acid— 

4(H,0.N,0,) + Cua = 3(Cu0.17,0,) + 2NO mfi, 

800 grains of copper turnings or clippings are introduced into a retort, and three 
measured ounces of a mixture of 
concentrated nitric acid with an 
equal volume of water are poured 
upon them. A very gentle heat 
may be applied to assist the 
action, and the gas may bo col¬ 
lected ovei' water (see lig. 1.^8), 
which absorbs the red fumes 
(NOj) fommd by the union of the 
NO with the air contained in the 
retort. 

Nitric oxide is distinguish¬ 
ed from all other gases by the - 
production of a red gas, when - 
the colourless nitric oxide is 
allowed to come in contact 
with uncombined oxygen, the presence of which, in mixtures of gases, may 
1)0 readily detected % adding a little nitric oxide. The red gas consists 
chiefly of nitric peroxide (NO.J, but it often contains also some (NjOg) 
nitrous acid. 

The combination of nitric oxide with oxygen mav be exliibited b)'decanting n pint 
bottle of oxygen, under water, into a tall jar filled with water coloured with blue 
litmus, and addiug to it a pint bottle 
of nitric oxide (tig. 159). Strong 
red fumes are immediately produced, 
and on gently agitating the cylin¬ 
der, the fuuics arc absorbed by the 
water, reddening the litmus. The 
oxygen will now' have been reduced 
to half its volume, and if another 
pint of nitric oxide be added, the 
remainder of the oxygen will be 
absorbed, showing that tvw volumes 
ofnitricoxidecombinewith omvolumc 
of oxygen, forming the nitric per¬ 
oxide which is absorbed by the 
water. 

The addition of nitric oxide 
to atmospheric air. was one of 
the earliest methods employed Fig. 159. 

for removing the oxygen in 

order to determine the composition of air; but important variations were 
observed in the results, in consequence of the occasional formation of N,Oj 
in addition to the NO,. 

The rongh analysis of air by this method may be instructively performed with two 
similar gas cylinders, each divided into ten equal volumes. Into one ore introduced 
five volumes of air, and into the other five volumes of nitric oxide. Ou decanting 
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th,« air, under water, into the nitric oxide (fig. 160), the red nitric peroxide will he 

formed and absorbed by the water, the 



Fig. 160. 

of acid to throe measures of water), which 


ten volumes of gas shrinking to seven, 
showing that three volumes have been 
absorbed, of which one volume would of 
course represent the oxygen contained 
in Ihe five volumes of air. 

The nitric oxide prepared by the action 
of cop^r on nitric acid generally con¬ 
tains nitrous oxide, and will seldom give 
correct results in the above experiment. 
Pure nitric oxide may bo obtained by 
heating in a retort 100 grains of nitrate 
of potash, 1000 grains of sulphate of iron, 
and three measured ounces of diluted 
sulphuric acid (contaming one measure 
will yield above two pints of the gas.* 


In all its properties, nitric oxide is very different from nitrous oxide. 
It is much lighter, having almost exactly the same specific gravity as air, 
viz., 1*04, has never yet been liquefied, and is not dissolved to any impor¬ 
tant extent by water. When a lighted taper is immersed in nitric oxide, 
it is extinguished, although this gas contains twice as much oxygen as 
nitrous oxide, which so much accelerates the combustion of a taper; for 
the elements are held together by a stronger attraction in the nitric oxide, 
so that its oxygen is not so readily available for the support of combus¬ 
tion. (The nitric oxide prepared from copper and nitric acid sometimes 
contains so much nitrous oxide that a taper bums in it brilliantly.) 
Even pliosphorus, when just kindled, is extinguished in nitric oxide, 
but when allowed to attain to full combustion in air, it bums with ex¬ 
treme brilliancy in the gas. Indeed, nitric oxide appears to he the least 
easy of decomposition of the whole series of oxides of nitrogen, which 
accounts for it being the most common result of the decomposition of 
tho other oxides. Kitrous oxide itself, when passed through a rod-hot 
tube, is partly converted into nitric oxide; and when a taper bums in a 
bottle of nitrous oxide, the upper part of tho bottle is often filled with a 

red gas, indicating the formation 
of nitric oxide, and its oxidation 
by the air entering tho bottle. 

The difference in the stability of 
the two gases is also shown by 
their behaviour with hydrogen. 
A mixture of nitrous oxide with 
an equal volume of hydrogen ex¬ 
plodes when in contact with flame, 
yielding steam and nitrogen, but 
a mixture of equal volumes of 
nitric oxido and hydrogen hums 
quietly in air, the hydrogen not 
decomposing the nitric oxide. An 
excess of hydrogen, however, is 
capable of decomposing nitric oxido, ammonia and water being formed. 

If two volumes of nitric oxide be mixed with five volumes of hydrogen, and the 
gas passed through a tube having a bulb filled with platinised asbestos (fig. 161),+ 



* K,O.NA + 6(FeO.SOa) + 4{HiO.SO,) = K,0,S0, + 8(FeA.8SO,) + 2NO + 4H,0. 
t Asbestos whicli has been wetted witn solution of bichloride of platinum, dried, and 
^^eated to redness, to reduce the pbitinutu to the metallic stale. 
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the mixtare issuing from the orifice of the tube will produce the red vapours, by 
contact with the air, which will strongly redden blue utmus; but if the platinised 
asbestos be heated with a spirit-lamp, the hydrogen, encouraged by the action 
of the platinum (91) will decompose the nitric oxide, and strongly alWwine vapours 
of ammonia will be produced, restoring the blue colour to the reddened litmus: 
NO + H 5 = NH 3 + HgO. It will be remembered that when oxygen is in excess, 
ammonia is eonvertra, under the influence of platinum, into water and mtrous acid (91). 

Nitric oxide is readily absorbed by ferrous salts (salts of protoxide of 
iron) with which it forms dark brown solutions. If a little solution of 
sulphate of iron be shaken in a cylinder of nitric oxide closed with a glass 
plate, the gas will be immediately absorbed, and the solution will become 
dark brown. On applying heat, the brown compound is decomposed. 
A compound of 4 molecules of ferrous sulphate and one molecule of nitric 
oxide has been obtained in small brown crystals, which lose all their 
nitric oxide in vacua. 

98. Nitrous mid (NjjOj = 76 parts by weight).*—^This acid is said 
to exist, as nitrite of ammonia, in minute quantity, in rain water, and is 
occasionally found in combination with alkalies or alkaline earths, in 
well-waters, where it has probably been formed by the oxidation of am¬ 
monia (91). Small quantities of nitrite of ammonia appear to be formed 
by the combustion in air of gases containing hydrogen, this element 
uniting with the atmospheric oxygen and nitrogen. 

Nitrous acid may be obtained by heating starch with nitric acid, but 
the most convenient process consists in gently heating nitric aqid (sp. 
gv. l'3u) with an equal weight of arsenious acid, and passing the gas, fet 
througli a U-tube (tig. 162) surrounded with cold water, to condense un- 



Fig. 11)2.—Prcptiration of nitrous .acid. 

decomposed nitric acid, then througli a similar tube containing chloride 
of calcium, to absorb aqueous vapour, and afterwards into a U-tube sur¬ 
rounded with a freessing mixture of ice and salt. Through a small tube 
opening into the bend of this U-tube, the condensed nitrous acid drops 
into a tube drawn out to a narrow neck, so that it may bo drawn off, and 
sealed by the blowpipe. 

H3O.N3O3 = Hp.AsPg -t- NPa. 

ArsAlotts acid. Arsenic acid. 

The nitrous acid is thus obtained as a blue liquid which boils below 
32® F., becoming converted into a red vapour, and partly decomposed 
into NO and NO,. Water at about 32“ F. dissolves the acid without 

• The specific gravity of nitrous acid not having been ascertained on account of its want 
of stability, the formula N,0, is only pi-ovisionally assigned to the molecule. 




140 


I’KOPESTIES OF NITBIO PEROXIDE. 


decomposiiig ii, yielding a Hue eolation which is decomposed, as the 
temperature rises, into nitric acid which remains in the liquid, and nitric 
osdde whi(!h escapes with effervescence— 

SNaOg + HgO = HgO.NgOg + 4NO. 

A very dilute solution of nitrous acid may he preserved for some time 
without decomposition. 

The salts of nitrous acid, or mtrites, are interesting on account of their 
production from the nitrates by the action of heat (p. 135). 

If nitrate of potash he fused in a fire-clay crucible and heated to redness, it will 
evolve bubbles of oxygen, and slowly become converted into nitrite of potash 
(KjO.NgOg). The heat should be continued until a portion removed on the end of 
an iron rod, and dissolved in water, gives a strongly alkaline solution. The fused 
mass may then be poured upon a dry stone, and vmen cool, broken into fragments 
and preserved in a stoppered bottle. On heating a fragment of the nitrite of potash 
with diluted snlphuric acid, itid vapours will be disengaged, but those contain little 
nitrous acid, the greater part of this being decomposed by the water into nitric acid 
and nitric oxide. 

When nitrous acid acts upon ammonia, both compounds snfler decomposition, 
water and nitrogen being the results— 

2NHs + NgOj = Ni + SIIjO . 

This is sometimes taken advantage of in preparing nitrogen gas by boiling mixed 
solutions of sal-ammoniac and nitrite of i>otash— 

2(NH,.Ha) + = N. -b 2KC1 + m-O. 

^-ammonlaa 2 2 a t 2 


In experiments upon organic compounds, nitrons acid is sometimes employed as 
a convenient agent for effecting simultaneously the removal of three atoms of hydro¬ 
gen from a compound, and the insertion of one atom of nitrogen. 

When solutions of nitrites are heated in contact with air, they gradually absorb 
oxygen, becoming converted into nitrates. 


99. Nitric })cntxkle (NOg = 46 parts by weight = 2 vols.), jilso 
called hyponiiric acid and ]Hiroxide of nitrogen or pernitric oxide: for¬ 
merly known as nitrom acid. —By passing a mixture of nitric oxide with 
half its volume of oxygon, free from every trace of moisture, into a per¬ 
fectly dry tube cooled in a mixture of ice and salt, the dark red gas is 
condensed into colourless prismatic crystals, which melt at 10° B. into 
a nearly colourless liquid. This gradually becomes yellow as the temper¬ 
ature rises, and at the ordinary temperature has a deep orange colour. 
It is very volatile, boiling at 71° F., and being converted into a rod- 
brown vapour, which was long mistaken for a permanent gas, on account 
of the great difficulty of condensing it when once mixed with air or 
oxygen. Nitric peroxide is also obtained, mixed with one-fourth of its 
volume of oxygen, by heating the pitrate of lead (fig. 163)— 


PbO. Np, 


= PbO -t- 2NO, -h 0, 


The vapour of nitric peroxide is much heavier than atmospheric air. 

Its specific gravity (compared with hydrogen at the same temj^erature) diminishes 
as the temperature rises. At 276“ F. it is 23 times as heavy 
os hydrogen, showing its molecular weight to be 40. This 
variation in density, in conjunction with the other changes, 
with increase of temperature, lead to the belief that the mole¬ 
cule of nitric peroxide, at low temperatures (in its liqnid 
state), is 1 T, 04 , and becomes decomposed into 2NOg at high 
temperatures. 

Its colour varies with the temperature, becoming 
very dark at 100° F. The smell of the vapour is 
very characteristic. It supports the combustion of 

Fig. io3.—Preparation v 

^ nitric peroxide. strongly DiiiTung charcoal or phosphorus, and 
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oxidises meet of the metals, potassium taking fire in it spontaneously. 
The nitric peroxide must, therefore, rank as a powerful oxidising agent, 
and it is the presence of this suhstance in the red fuming niMc acid 
that imparts to it higher oxidising powers than those of the colourless 
nitric acid. 

The so-called nitrous acid of commerce is really nitric acid holding in 
solution a large proportion of nitric peroxide, and is prepared by intro¬ 
ducing sulphur into the retorts containing the mixture of nitrate of soda 
and sulphuric acid employed in the preparation of the nitric acid, a por¬ 
tion of which is deoxidised and converted into nitric peroxide. Water 
immediately decomposes the nitric peroxide into nitric oxide and nitric 
acid— 

SNOg + HgO = NO -I- 2 HNO 3 • 

When water is gradually added to liquid nitric peroxide, it effervesces, 
from escape of nitric oxide, and becomes green, blue, and ultimately 
colourless. The production of the green and blue colours appears 
to be due to the formation of N .,()3 in an intermediate decomposition; 
21 ^ 20 ^ -I- HgO = NgOg -f 2 HNO 3 ; and when this is decomposed 
by an excess of water, the liquid, of course, becomes colourless. If the 
red nitric acid of commerce be gradually diluted with water, it will 
1)6 found to undergo similar changes, always becoming colourless at last. 
The nitric acid which has been used in a Grove’s battery always has a 
green colour from the largo amount of nitric peroxide which has 
accumulated in it, in consequence of the decomposition of the acid 
by the hydrogen disengaged during the action of the battery ; 
H + HNO 3 " HjO +• Ntlg- this green acid be diluted with 
a little water, it becomes blue, and a larger quantity of water renders 
it colourless, causing the evolution of nitric oxide. Similar colours are 
obtained by passing nitnc oxide into nitric acid of dilierent degrees of 
concentration, apparently because nitric pei’oxido is formed and dissolved 
by the acid— 

NO -I- 2 (HN 03 ) = SNOo 4 - HgO. 

When silver, mercury, and some other metals are dissolved in cold nitric 
acid, a green or blue colour is often produced, leading a novice to suspect 
the presence of copper, the colour being really caused by the solution in 
the unaltered nitric acid of the nitric peroxide produced by the deoxida¬ 
tion of another portion. 

Nitric peroxide was formerly believed to bo an independent acid 
capable of forming salta It is true that its vapours have a strongly acid 
reaction to test-papers, but when brought into contact with bases, it pro¬ 
duces a mixture of nitrate and nitrite— 

2N./I, + 2(K,0.H,P) = K/).NA -I- K.O.N^O, -f 2H,0. 

^ 100. General rcvkto of the oxides of nitrogen .—^AU the above oxides of 
nitrogen are directly obtainable from nitric acid by the action of metals; 
but since the result of sucli»action varies much with the temperature and 
state of concentration of the acid, it cannot be depended upon for the 
preparation of the oxides in a separate state. 

Nitric peroxide is the chief product of the action of tin upon nitric 
acid— 

2(H,O.NA) + Sn = 2 H ,0 + 4NO, -f SnO,. 
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Kitrous acid is abundantly formed when silver is acted on by nitric acid— 
3(H,0.]Sr,0J + Ag, = 3H,0 + Nfi, + 2(A&0.hr,0J. 

Nitric oxide has been shown to be evolved when nitric acid is deoxidised 
by copper— 

4(H*O.NA) + CU 3 = 4H,0 + 2NO + 3(CuO.N,Oe); 

though, if the acid bo concentrated or the temperature high, nitrous oxide 
and nitrogen are mixed with the nitric oxide. 

Nitrous oxide is given off when zinc is dissolved in nitric acid diluted 
with ten measures of water— 


6(HjO . NjjOj) + Zn^ 


- 5HaO 


N,0 


+ 4(Zn0.N,0^; 


the nitrous oxide, however, is mixed with nitric oxide. 

Nitric oxide, nitrous acid, and nitric peroxide, are very remarkable for 
their relations to oxygen. Nitric oxide is one of the very few substances 
which combine with dry oxygen at the ordinary temperature, and yet the 
nitric peroxide which is thus produced is very ready to yield its oxygen 
to other substances. Nitrous acid, as might be expected, is intermediate 
in this respect, being capable of acting as a reducing agent upon power¬ 
fully oxidising substance.s, and as an oxidising agent upon substances 
having a great attraction for oxygen. Thus, a solution of nitrite of 
potash, acidified with sulphuric acid, will bleach permanganate of potash, 
reducing the permanganic acid (Mn^O,) to manganous oxide (MnO; 
whilst, if added to sulphate of iron, the nitrite converts the ferrous oxide 
fFeO) into ferric oxide (Fo^Oa), and this solution, which was capable of 
reducing the permanganate of potash before, is now found to be without 
effect upon it, unless an excess of the nitrite lias been added. 


The oxides of nitrogen, as illustrating combination in multiple propm' 
tions by xoeiglit and volume. —In its most general form, the laxo of xnxdtiple 
proporiiom may be thus stated. When a substance (A) combines with 
another substance (B) in more than one proportion, the quantities of B, 
which combine with a comtant quantity of A, are multiples of the 
smallest combining quantity of B by some whole number. 

In the oxides of nitrogen this law is exemplified in the simplest form, 
since the quantities of oxygen which combine with a constant quantity of 
nitrogen, are multiples of the least combining quantity of oxygen by 2 , 
3, 4, and 5. 


Nitrous oxide. 

Nitric oxide (two molecules), 

Nitrous acid, .... 
Nitric peroxide, .... 
Nitric acid,. 

It was shown, at p. 126, that there is ground 
nitrogen as = 14. 


N. O. 

. NjO 28 16 

. NsOj 28 16 X 2 

. NjOj 28 16 X 3 

. NjO* 28 16 X 4 

. NsOj 28 16 X 6 

for representing the atomic weight of 


When nitrous oxide is passed through a red-hot porcelain tube, its volume is 
increased by one-half, and the resulting gas is found to he a mixture of one volume 
of oxygen and two volumes of nitrogen. Hence it is inferred that, in nitrous oxide, 
two volumes or atoms (28 parts) of nitrogen are unitsid with one volume or atom (16 
parts) of oxygen, to form two volumes or one molecule of nitrous oxide (representing 
44 pwts by weight). 

When oharcoea is strongly heated in nUric oxide, the volume of the gas remains 
nnehanged ; but it is found, on ana^is, to have become converted into a mixture of 
equal volumes of carbonic acid and nitrogen (2NO -J- C = COj -f N.). Since one 
volume of carbonic acid contains one volume of oxygen (page 88), the experiment¬ 
s' 
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proves that one volume of oxygen and one volume of nitn^en exist in two volumes of 
nitric oxide, or that one atom nitrogen (or 14 parts) is combined with one atom of 
oxygen (16 parts) in two vditunes (one molecule, or 80 parts by weight) of nitric 
oxioe. 

The direct evidence of the composition of nitrous add is not so satisfactory as that 
in the two preceding cases. This acid has been obtained, however, by the direct 
union of one volume of oxygen with four volumes of nitric oxide, leading to ^e con¬ 
clusion that it contains Its molecular weight has been determined by the 

analysis of nitrite of silver, which was found to contain, for^me molecu]eX232 parts 
by weight) of oxide of silver, 76 jmrts by weight of nitrous acid, representing a com¬ 
pound of 28 parts by weight of nitrogen (or two atoms = 2 volumes), with 48 parts 
by weight (or three atoms = 8 volumes) of oxygen. The volume occupied by the 
molecme of nitrous acid in the state of Vapour has not yet been ascertained, no accu¬ 
rate determination of the specific gravity of its vapour having been made. 

NUrk peroxide has been analyst by passing the vapour jiroduced from a known 
weight of the liquid over red-hot metallic copiier, which absorbed the oxygen, leaving 
the nitrogen to be collected and measured. It was thus found that 14 parts by weight 
(one atom = 1 volume) of nitrogen were combined with 82 parts by weight (two 
atoms = 2 volumes) of oxygen, a result which is confirmed by the direct union of 2 
volumes of NO (one molecule) with 1 volume of oxygen (one atom) to form NO,. 

Nitric anhydride, or anhydrous nitric acid, was analysed by a method similar to 
that employed for nitric peroxide, and was found to contain 28 parts by weight (two 
atoms) of nitrogen, combined vrilh 80 parts (five atoms) of oxygen. The volume 
occujued by the molecule of nitric anhydride in the state of vapour has not been 
determined, on account of the want of stability of this compound. 

The facility with which nitrous acid and nitric peroxide can be decomposed with 
fonnation of nitric oxide, renders it probable that they really contain that compound. 
To express this, they may plamsibly be represented as formed after the same plan as a 

molecule of water. Just as in jJ | 0, the two atoms of hydrogen are linked together 

by the diatomic oxygen, so in nitrous acid, | 0 , two molecules of nitric oxide are 
linked together by the atom of oxygen, whilst in nitric peroxide (N,©*) a molecule 
of NO is bound up with a molecule of NOjj, thus | 0. If nitric acid he repre¬ 
sented by |- 0 , it is easy to undemtand the behaviour of these three oxides with 
the alkalies. Thus, by the action of nitrous acid on caustic potash, we obtain nitrate 
of potash JJ 0 > 0 , whilst nitric acid gives uitiute of potash, { 0 , and nitric 
peroxide gives a mixture of both salts. 


CIILOEIIfE. 

Cl = 35'5 parts by weight = 1vol. 3.'5'5 grs. = 467 cub. in. at 60’ P. and 30" Bar., 
35'6 grms. = 11'2 litres at 0° C. and 760 mm. Bar. 

101. This element is never found in the uncomhined state, hut is very 
abundant in the mineral Vorld in the forms of chloride of sodium (com¬ 
mon salt) and chloride of potassium. In these forms also it is an impor¬ 
tant constituent of the fluids of the animal body, but as it is not found 
in suflBicient proportion in vegetable food, or in the solid parts of animal 
food, a quantity of salt must bo added to these in order to form a ■whole¬ 
some diet. Chloride of sodium is indispensable as a raw material for 
several of the most useful arts, such as the manufactures of soap and^1^38,. 
bl^hing,„,&c., in fact, it is .the source of throe of the most gener^y 
uso?^ chemied products, -viz., chlorine, hydrochloric acid, and soda. 

About the middle of the seventeenth century, a German chemist, named 
Glauber, distilled some common salt with sulphuric acid, and obtained a 
strongly acid liquid to which he gave the name muriatio acid (from muria, 
brine) and which was proved to be identical with the acid long known to 
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the elchesuets as spirit of salt. The mass 'which was left after the 
^penment was then termed Glanher’s salt, but afterwards received its 
present name of sulphate of soda 

It was undoubtedly a natural inference from this experiment that com¬ 
mon salt was composi^ of muriatic Mid and soda, and that the sulphuric 
acid had a greater attraction for the soda than the muriatic acid, which 
was the:^fore displaced by it. In accordance with this view, common 
salt was called muriate of soda, without further question, until the year 
1810, when the experiments of Davy proved that it was really composed 
of the two elementary substances, chlorine and sodium, and must there¬ 
fore be styled, as it now is, chloride of sodium, and represented by the 
formula NaCl. It was further shown by Davy, that the mxiriatic acid 
was really composed of chlorine and hydrogen, and that it was, in fact, 
chloride of sodium (NaCl) in which the sodium had been displaced by 
hydrogen (HCl). 

Preparation of chlorine .—In order to extract chlorine from common 
salt, it is heated with black oxide of manganese and diluted sulphuric 
acid; the acid decomposes the binoxide of manganese, part of the oxygen 
of which displaces the chlorine from the chloride of sodium, yielding soda 
wliich combines with the sulphuric acid, so that the sulphates of soda and 
manganese arc left in solution, and chlorine escapes in the form of gas; 

2NaCl + MnO, -f 2(H,0. SO 3 ) = Na,0. SO, + MnO. SO, + 2HoO Cl,. 

600 grains of common salt may be mixed with 450 grains of binoxide of manganese, 
introduced into a retort (fig 164), and a cold inixture of oz. by measure of strong 
snljthnric acid with 4 oz. of water i)ourcd upon it. The retort having been Avell 



shaken to wet the powder thoroughly with the acid, a very gentle heat is applied, 
and the gas collected in bottles filled with water and inverted in the pnenmatic 
trough. When the bottles are filled, the stoppers, previously greased, must be 
inserted into them under water. The first bottle or two will contain the air from the 
retort, and will therefoi« have a paler colour than the pure chlorine afterwanis col¬ 
lected. It is advisable to keep a jar filled with water standing rwdy on the shelf of 
the trough, so that any excess of chlorine may be passed into it instead of being 
allowed to escape into the air, causing serious mcmvenience. The bottles of moist 
chlorine must uways be preserved in the dark. Chlorine may aim be conveniently 
prepared -by gentlyl^ating 600 grains of l^oxide of manganese with 4 oz. (measured) 
■ of common hydrochloric acid— 

MnOj + 4HC1 » MnCl, + 2HgO -f Cl,. 

Either of thenbeve mrtliods will furnish about five pints of chlorine. «. 



LIQUEFACTION OF CHLOEINE. 14S 

1b IVeld on’a pro cess f or the mamifhctnre of chlorine, the joiftiunnese ie made to act | 
as a earner of the atmosphere to the hydro^n of tae hydrochlcnic acid, 1 

setting the chloiwe free. For this purpose, the chloride of manganese obtained in > 
the aTOTe proceEn is decomposed by lime; MnCls + CaO=:CaCI. + MnO. By mixing \ 
the MnO with more lime, and blowing atmospheric air through the mixture, MnO, j 
is reproduced, and may be employed for decomposing a fresh quantity of HCL In j 
Deacon’s process, a mixture of air and hydrocnloric acid gas is possra over heated ’ 
fire-brick which has been soaked in solution of s^hate of copper and dried. The 
final result is expressed by the eqjaation 2HC1 + (ST^ + O) = HgO + Cl, + ST*, so that s 
the chlorine obtained is mixed with twice its volume of nitrogen, which is stated, how¬ 
ever, not to interfere seriously with its useful application. The action of the copper- . 
salt has not been clearly explained, but it appi'ars to depend upon the instability ' 
of the chlorides Of copper under the influence of heat and oxygen. 

Properties of chlorine .—The physical and chemical properties of chlorine 
arc more striking than those of any element hitherto considered. Its 
colour, whence it derives its name (xAcapds, pale green) is bright greenish 
yellow, its odour insupportable. It is twice and a half as heavy as air 
(sp. gr. 2*47), and may be reduced to the liquid state by a pressure of only 
four atmospheres at 60’ F. If a bottle of chlorine ho 
held mouth downwards in water, its stopper removed, 
one-third of the chlorine decanted into a jar, and the 
rest of the gas shaken with the water in the bottle, 
the mouth of which is closed by the palm of the hand 
(fig. 165), the water vdll absorb twice its volume of 
chlorine, producing a vacuum in the bottle, which will 
bo held firmly against the hand by atmospheric pres¬ 
sure. If air be then allowed to enter, and the bottle 
again shaken as long as any absorption takes place, a 
saturated solution of chlorine (chlorine neater) will he obtained. By 
exposing this yellow solution to a temperature approaching 32° F., yellow 
crystals of hydrate of ehlorine (C1.5HjO) are obtained, the liquid be¬ 
coming colourless. 

When the water in ihe pneumatic trough, over wliiuli cldorine is being collected, 
happens to he very cold, the gas is often so foggy as to he quite opaque, in conse¬ 
quence of the deposition of minute crj’stnls of the hydrate. On standing, the gas 
becomes clear, crystals of the hydrate being deposited like hoar-frost U}K)n the sides 
of the Irattle; the gas also becomes clear when theihottles are slightly wanned. 

'Hie hydrate of cbloriue aft'oixls a convenient source of liquid chlorine. A number 
of buttles of saturated solution of chlorine, prepared os above, arc exposed on a cold 
winter’s day until the hydrate has crystallised. The ciystals are thrown upon a 
filter, cooled to nearly 82°, allowed to drain, and rammed into a pretty strong tnbe 
closed at one end, about twelve inches long, and half an inch in diameter, previSusly 
cooled in ice or snow. The tnbe having been neaily filled with the crystals, is kept 
surrounded with snow, whilst its upper end is gradually softened in the blowpipe 
flame and drawn off so as to he strongly sealed. When this tube is immersed in 
water at 100 “ F., the chlorine separates from the water, and two layers of liquid are 
formed, the lower one consisting of amber-yellow liquid chlorine (sp. gr. 1‘33), and 
the upper, about three times its volume, of a pale yellow aqueous solution of chlorine. 
On allowing the tube to cool again, the crj-stalline hydrate is reproduced, even at 
common temperatures, being more permanent under pressure. It may even he sub¬ 
limed in a sealed tube. 

Liquid chlorine may also be obtained in a state in which it can be preserved, by 
disengaging the chlorine in a sealed tube (as in the liquefaction of ammonia) from 
about 200 grains of bichloride of platinum previously dried at 400“ F. The bichloride 
is heated mth a spirit-lamp in one limb of the tube, whilst thMMier is immersed 
in a freezing mixture. The face and hands of the operator should be protected 
against the bursting of the tube. 

The moat characteristic chemical feature of chlorine is its powerM 

K 
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al;toaciio& at the ordinary, temperatiw. Among^ 

the nbn-melais, hyihrogen, hroimne^ iodine, sulphur, seiemum phosphorus,"* 
and ft Twnin, comhiii^iSpontaneously with chlorine, and nearly all Ihe metals 
behaWin the same way.V ' 

If B piece of dry phosphorus bo placed in a deflagrating spoon^ and immersed in a 
bottle of chlorine (ftg. 166), it will take fire spontaneously, combining with the chlo¬ 
rine to form terehloride of phosphorus (PCls). A 
tall class shade may be placed over the bottle, 
which should stand in a plate containing water, 
so that the fumes may not escape into the air. 

If phosphorus be placed in a Mttle of oxygen to 
which a small quantity of chlorine has been added, 
it wiU bnrst out after a minute or two into most 
brilliant combustion. 

Powdered antimony {the metal, not the sulphide), 
sprinkled into a bottle of chlorine (fig. 167), de¬ 
scends in a brilliant shower of white sparks, tlie 
antimony burning in the chlorine to form ter- 
chloride of antimony (SbCIg). A little water should 
bo placed at the bottom of the bottle to prevent 
it from being cracked, and the fumes should bo 
restrained by a shade standing in water. 

If a flask, provided with a stop-cock {fig. 168), bo filled with leaves of Dutch metal 
{an alloy of copper and zinc, resembling gold leaf), exhausted of air, and screwed on 
to a capped jar of chlorine standing over water, it will be found, on opening the 




Fig. 167. Pig. 168. 


stop-cocks so that the chlorine may enter the flask, that the metal bnms with a red 
light, forming thick 3 rdlow fumes containing chloride of copper (CuCls) and chloride 
of zinc (ZnCljl If gold leaf be suspended in chlorine, it wfll not be immediately 
attacked, but will gradually become converted into terehloride of gold (AuC^). 

102. The most important useful applications of chlorine depend upon 
its powerful chemical attraction for hydrogen. The two gases may he 
mixed without combining, if kept in the«dark, but when the mixture is 
exposed to light, they combine to form hydrochloric acid gas (HCl), with 
a rapidity proportionate to the intensity of the actinic rays (or rays capable 
of inducing chemical change) in the light employed. Exposed to gas-light 
or ordinary diffused daylight, the hydrogen and chlorine combine slowly, 
hut direct sunlight causes sudden combination, attended with explosion, 
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resulting from the e^ansion whioh.the hydroc^loric acid formed soffers 
by the heat evolved in the act of combination. The lig^t erf magnesium 
burning in air, and some other artificial lights, also cause sudden com¬ 
bination. 

Two pint gas-bottles should be ground so lhat their mouths may be fitted accu¬ 
rately to each other, and filled respectively with dry hydrogen and dry chlorine, both 
^es haying been dried by passing throngh oil of vitriol, and coUected, the hydrogen 
by upward, and the chlorine by downward, displacement of air. The months should 
be slightly greased before the bottles are filled with gas, and afterward closed with 
glass plat^. On placing the bottles together, and removing the plates so tW the 
gases may come in contact (see fijj. 149), the yellow colour of the chlorine will be 
permanent as long as the mixture is kept in the dark, but on exposure to daylight 
the colour will gradually disappear, the hydrochloric acid gas being colourless. If 
the bottles be now closed with glass plates, the small quantity of gas which escapes 
during the operation will be seen to fume strongly in air, a property not possessed 
either by hydrogen or chlorine, and when the necks of the iMttles are immersed in 
water and the glass plates withdrawn, the water will rapidly absorb the gas, and be 
forced into the ^ttles so as to fill them, with the exception of a small space occupied 
by the air accidentally admitted, showing that the hydrochloric acid gas possesses 
the joint volumes of the hydrogen and chlorine. If the water be tinged with blue 
litmus it will be strongly reddened as it enters the bottles. 

Tlie sadden onion of tho gases witli explosion may be safely exhibited in a Flor¬ 
ence flask. The flask is filled with water, which is then poured out into a measure. 
Exactly half the water is retiumed 
to the flask, and its level in the 
latter carefully marked with a dia¬ 
mond or file. The flask having been 
again filled with water, is closed with 
the thumb and invertwl in the pneu¬ 
matic trough, so that hydrogen may 
be passed up into it to displace one- 
half of the water. A short-necked 
funnel is then inserted, under tho 
water, into the neck of the flask, 
and chlorine i-apidly decanted up 
from agas-l>ottle (fig. 169) until the 
rest of the water has been displaced. 

The flask is now raised from tho 
water and quickly closed with a cork 
(fig. 170), through which pass two 
gutta-percha-covered copjrer wires, 
the en^ of which have been stripped and brought sufficiently near to each other 
to allow of the passage of the electiic spark within the flask. The ends external to 
the flask are also stripped and 
bent into hooks for convenient 
connexion with the conducting 
wires. The flask is placed upon 
the ground, and covered with a 
wooiren box to prevent the pieces 
from flying about. On connect¬ 
ing the copper wires with the con¬ 
ducting wires from an induction- 
coil or an electrical machine, it 
will be heard, on passing the spark, 
that the mixture has violently ep 
ploded i on raising tlie box it will 
be found filled with strong fumes 
of hydrochloric acid, and a neap of* yjg, 170. 

iKinall fragments of glass will repre¬ 
sent the flask. 

A flask filled in the same way with the mixture of hydrogen anif chlorine may be 
attached to the end of a long stick, and thrust out into the sunlight, when it explodes 
with great violence. 

To illnstrate the direct combination of hydrogen and chlorine under the infln- 




Fig. 169. 
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eaee «f arti^oial light, it is better to employ the mixtnre of exactly equal Tolomes 
of the two gases Stained decomposing hydrochloric acid by the ^Tanic cur* 
rent. The Toltameter (A, 171} is iiwd with concentrated hydrochloric acid, 

and its conducting wires (B) connected with the terminals of a Grove’s battery 
of five or six cells. Chlorine is at once evolved at the positive pole (or that con¬ 
nected with the platinum in the battery), and hydrogen at the negative pole (at¬ 
tached to the zinc of the battery). It is advisable to place the ’Voltameter in a 
vessel of cold water, to prevAit the hydrochloric acid from becoming too hot. ITie 
gas evolved during the first five minutes should be allowed to pass mto a waste-jar, 

because, until the liquid becomes 
saturated with emorine, the 
evolved gas does not contain 
exactly equal volumes of the 
constituent elements. A very 
thin glass bulb (0), about 2 
inches in diameter, blown upon 
a stout piece of tube, the ends of 
which have been drawn out to 
narrow open points (fig. 172), is 
then connected with the volta¬ 
meter by means of a caoutchouc 
tube. A similar caoutchouc tube 
Fig. 171. is attached to the free end of the 

bulb. When the colour of the 
gas in the bulb (which should be shaded from sunlight) shows that it is completely 
filled, the caoutchouc tubes arc well closed by nipper-ta]>s (fig. 173), and the bulb 
detached from the voltameter. In this condition it may bo kept in the dark for 
a long time withoijt alteration or escape of gas. The mixture may be most ellec- 
tively exploded by exposing it to the Hash of light evolved by firing a mixture of 
nitric oxide gas with vapour of bisulphide of carbon.* For this purpose a cylinder 
may be filled with nitric oxide (page 187) over water, closed with a glass i>late, 
ana placed mouth upwards upon the table ; the glass plate being lifted for an 
instant, a few drops of bisulphide of carbon are poured into the cylinder, which is 
then shaken. The bulb containing the explosive mixture is suspended at some dis¬ 
tance from the operator, and the gas cylinder is placed within a few inches of it 




Fig. 173. 


Fig. 174. 


(fig, 174). On applying a light to the cylinder, the flash will cause the immediate 
explosion of the mixture in the bulb, with production of strong fumes of hydrochloric 
acid. 

If the bulb be thin, no injury will be inflicted by the pieces of glass, or the 
operator may easily protect his face by a screen. 

« 

The attraction of chlorine for hydrogen enables it to effect the decom- 


* A mixture of equal volumes of chlorine and hydrogen may be exploded in a atronff 
cylinder by the light of a piece of magnesium tape. The cylinder should be only partly 
filled with the mixture, aud firmly held with ite mouth only just beneath the water in the 
,^rough. 
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position of watei. The solution of chlorine in water may he preserved 
in the dark without change j hut when exposed to light it loses the 
smell of chlorine, and becomes converted into weak hydrochloric acid, 
the oxygen being liberated; HjO + Cl, = 2HC1 + 0.* The decomposi¬ 
tion takes place much more quickly at a red heat, so that oxygen is 
obtained in abundance by passing a mixture of chlorine and steam 
through a red-hot tube. 

For this experiment a porcelain tube is employed, which is bound round with 
sheet copper to prevent it from cracking, and loosely filled with fragments of 
broken porcelain to expose a large heated surface. This tube is gradiudly heated 
to redness in a charcoal furnace (fig. 176). One end of it receives the mixture 
of chlorine with steam, obtained by passing the chlorine evolved from hydrochloric 
acid and binoxide of manganese in A (p. 144), through a flask (B) of boiling water. 
The other end of the tube is connected with a bottle (C) containing solution of potash 
to absorb any excess of chlorine and the hydrochloric acid formed; from this bottle 
the oxygen is collected over the pneumatic trough. 



Fig. 175.—Steam decomposed by chlorine. 


Since water is decomposed by chlorine, it is not surprising that most 
other hydrogen compounds are attacked hy it. Ammonia (Nil,) is acted 
uj)on with great violence. If a stream of ammonia gas issuing from a tube 
connected with a flask in which solution of ammonia is heated (see fig. 147) 
be passed into a bottle of chlorine, it takM fire immediately, burning 
■with a peculiar flame, and yielding thick white clouds of hydrochlorate of 
ammonia; iNH* -t- Cl* = 3(NII3.HC1) + N. A piece of folded filter- 
paper dipped in strong ammonia, and immersed in a bottle of chlonne, 
will exhibit the same effect. When the chlorine is allowed to act upon 
hydrochlorate of ammonia, its operation is loss violent, and one of the 
most explosive substances is produced, which was formerly believed to be 
a chloride of nitrogen, but is i)robably a compound formed by the removal 
of a part of the hydrogen from ammonia, and the introduction of chlorine 
in its stead. 

* A portion of this oxygen combines with chlorine, producing hypochlorous acid, and, 
as recently stated, perchloric acid. 
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BLEACHING BY CHLOBINE. 


Many of tlie comj^unds of hydrogen with carbon are also decomposed 
with Tiolence by chloriher' *When a piece of folded filtw-paper is dipped 
into oil of tiirpeiitme (CioH„), and afterwards into a bottle of chlorine, it 
bursts into a rod flame, liberating Toluminous clouds of carbon and hydro¬ 
chloric acid. Acetylene (CjHj) was found to explode spontaneously with 
cUorine when exposed to light (page 91). The striking decomposition of 
oleflant gas (C^HJ by chlorine on the approach of a flame has already 
been noticed (page 93). "When a lighted taper is immersed in chlorine, it 
continues to bum, but with a small red flame, the hydrogen only of the 
wax combining with the chlorine, whilst the carbon separates in black 
smoke, mixed with the hydrochloric fumes. When chlorine is brought 
in contact with the flame of a spirit-lamp, it renders the flame luminous 
by causing the separation of solid particles of carbon (page 100). It has 
been seen, in the case of oleflant gas, that chlorine sometimes combines 
directly with the hydrocarbons. 

When marsh-gas (CH^) is diluted with an equal bulk of carbonic acid, 
to prevent violent action, and four volumes of chlorine added for each 
volume of marsh-gas, an oily liquid is gradually formed under the 
influence of daylight. This oily liquid is a mixture of chloroform and 
bichloride of carbon, the production of which is explained by the follow¬ 
ing equations:— 

CH, + Cl« - 3HC1 -f CHCI 3 (Cliliyrofffrm). 

CH^ + Clg = 4HC1 -f CCI 4 {Tetrachloride of carhon). 

It is evident from these equations that clilorine is capable, not only of 
removing hydrogen from a compound, but also of taking its place, 
atom for atom—a mode of action which gives rise to a very large number 
of chlorinated products from organic substances. 

The attraction of chlorine for hydrogen enables the moist gas to act as 
an oxidising agent. Thus, if marsh-gas and chlorine l>e mixed in the 
presence of water, and exposed to daylight, the water is decomposed, its 
hydrogen combining with the chlorine, and its oxygen with the carbon 
of the marsh-gas; GH 4 + 2Hp + Clg = CO* - 1 - 8HC1. 

103. The powerful bleaching effect of chlorine upon organic colouring 
matters is now easily understfjod. If a solution of chlorine in water be 
poured into solution of indigo (sulphindigotic acid) the blue colour of the 
indigo is discharged, and gives place to a comparatively light yeUow 
colour. The presence of water is essential to the bleaching of indigo by 
chlorine, the dry gas not aflecting the colour of dry indigo. The indigo 
is first oxidised at the expense of the water and converted into isatine, 
'which is then acted upon by the chlorine and converted into ehlorisativ^^ 
having a brownish yellow colour— 

CgHjNO Undigo) HjO -f Cl, = CgHjjNO, {Mtine) + 2HC1 

CgHgNO,(/Mti««) Cl, = CgH^ClNO, HCl. 

Nearly all vegetable and animal colouring Aatters contain carbon, hydro¬ 
gen, nitrogen, and oxygen, and are converted by moist chlorine into pro¬ 
ducts of oxidation or chlorination which happen to be colourless, or 
nearly so. 

That dry cUoriue will not bleach, may be shown by shaking some oil of vitriol in 
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a Itottle of the and allowing it to atand for an hoar or two, so that the acid may 
remorethe whme of themoistore. If a piece of crimaon paper be dried at a moderate 
heat and snsMnded in the bottle while warm, it will remain 
unbleached for hours; bnt a similar piece of paper 8tt8> 
pended in a bottle of moist chlorine will be bleached almost 
immediately. If characters bo written on crimson i>iwr 
with a wet brush, and the paper placed in a jar beside a 
bottle of chlorine (hg. 176), it will be found, on remoying 
,the stopper, that white cliaracters soon make their appear¬ 
ance on the red ground. 

If a collection of coloured Mnen or cotton fabrics, or 
of artificial flowers, be* exposed to the action of moist 
chlorine g^ or of chlorine water, those which are dyed 
with oiganic colouring matters will be bleached at once, 
whilst the mineral colours will for the most part 
remain unaltered. Green leaves, immersed in chlonne, 
acquire a rich autumnal brown tint, and are eventually 
bleached. All flowers are very readily bleached by this 

Pig, 176. 



Chlorme.is very extensively employed for bleach¬ 
ing linen and cotton, the gas acting upon the colouring matter without 
affecting the fibre, hut silk and wool present much less resistance to 
chemical action, and would he much injured by chlorine, so that they 
are always bleached by sulphurous acid. i*‘t* 

Neither chlorine itself nor itifSolution in water can be very conveniently 
employed for bleaching on the large scale, on account of the irritating 
effect of the gas, so that it is usual to employ it in the form of chloride of 
I me, from which it can be easily liberated as it is wanted. 


104. Chloride of lime or hlcachimj pourder is prepared by passing 
chlorine gas into boxe s of lead or stone in wMch a quantity of slaked 
lilUB is spread out upon^ghfil^oa. The limiTabsorbs nearly half its wmglit 
of chlorine, and forms a white powder which has a very peculiar 
smell, somewhat different from that of chlorine. The chloride of lime 
thus produced appears to consist of a mixture of h i/poehlorife of lime 
(CaO.ClaO) with ojcyehloride of calcimu (CaCljj.2CaO), the action 
of chlorine upon hydrate of lime being represented by the following 
cixuation:— 

4<Ca0.H.,0) -f Cl, = (Ca0.Cl,0 + CaCls.2Ca0) + 4H,0. 

Hydrate of lime. Chloride lime. 

When the clxlorido of lime is treated with water, the hypochlorite of lime 
(CaO.CTjO) and clilorido of calcium (CaClj) are dissolved, whilst hydrate 
of lime is left. If this solution ho added to blue litmus, it will be found 
to exert little bleaching action, hut on adding a little acid (sulphuric, for 
example), the blue colour Avill he discharged, the acid setting free the 
chlorine, which acts iipon the colouring matter, y ^ 

(^.C1*0 -h CaCU + 2(Hp.S03) = 2(Ca0.S03) + 2H,0 + Cl,. V 

SolttUon of CMoride qflime. 

Even, carbonic acid will dcyclope the bleaching property of chloride of 
lime, BO that the above mixluro may he decolorised by breathing into it 
through a glass tube. 

When chloride of lime is used for bleaching on the large scale, the stuff 
to he bleached is first thoroughly cleansed from any ^ease or maver^s drm- 
iwj, by boiling it in lime-water and in a weak solutwn of soda, and it then 
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immersed in a weak solution of the chloride of lime. This hy itself, how¬ 
ever, exerts very little action upon the naturtil colouring matter of the 
fibre, and the stuff is therefore next immersed in very dilute sulphuric 
acid, when the colouring matter is so far altered as to become soluble in 
the alkaline solution in which it is next immersed, and a repetition of 
these processes, followed up by a thorough rinsing, generally perfects the 
bleaching. 

The property possessed by acids of liberating chlorine from the chloride 
of lime is applied in calico-printing to the production of white patterns 
upon a red ground. The stuff having been dyed vfith Turkey red, the 
pattern is imprinted upon it with a discharge consisting of an acid (tar¬ 
taric, phosphoric, or arsenic) thickened with gum. On passing the fabric 
through a bath of weak chloride of lime, tlie colour is discharged only at 
those parts to which the acid has been applied, and where, consequently, 
chlorine is liberated. 

i The explanation above given of the bleaching effect of cHorine may 
probably be applied also to its so-called dishi/ecting properties. The 
atmosphere, in particular localities, is occasionally contaminated with 
poisonous substances, some of which are known only by their injurious 
effects upon t^ health, their quantity being so small that they do not 
appear in the results of tb\ analysis of such air. Since, however, these 
substances appear to be acted upon by the same agents which are usually 
found to decompose organic compounds, they are commonly believed to 
be bodies of this class, and chlorine has been very commonly employed to 
combat these insidious enemies to health, since Guyton de Morveau, in 
the latter part of the last century, made use of it to destroy the odour 
arising from the bodies interred in the vaults beneath the cathedral of 
Dijon. 

Among the offensive and unhealthy products of putrefaction of animal 
and vegetable matter, sulphuretted hydrogen, ammonia, and bodies simi¬ 
larly constituted, are found. That chlorine breaks up these hydrogen 
compounds is well known, and heiice its great value for removing the 
unwholesome properties of the air in badly drained houses, &c. 

Chloride of lime is one of the most convenient forms in which to apply 
chlorine for the purposes of fumigating and disinfecting. If a cloth 
saturated with the solution be suspended in the air, the carbonic acid in 
the latter causes a slow evolution of hypochlorous acid, which is even a 
more powerful disinfectant than chlorine itself. In extreme cases, where 
a rapid evolution of chlorine is required, the bleaching powder is placed 

, in a plate, and diluted sulphuric acid is poured over it, or the powder may 
be mixed with half its weight of powdered alum in a plate, when a pretty 
rapid and regular escape of chlorine will ensue. 

105. The discovery of chlorine and the discussions which ensued with 
respect to its real nature, contributed very largely to the advancement of 
chemical science. About the year 1770, the Swedish chemist Scheele (who 
afterwards discovered oxygen), first obtained chlorine by heating man¬ 
ganese ore with muriatic acid. 

The construction which Scheele put upon ^lie result of this experiment 
was one which was consistent with the chemistry of that date. He sup¬ 
posed the muriatic acid to have been deprived of phlogiston^ and hence 
chlorine was termed by him dephhgisi^ted muriatic acid. This phlo¬ 
giston had long been a subject of contention among philosophers, having 
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been originally assumed to exist in combination witb all combustible 
bodies, and to be separated from them during their combustion. To¬ 
wards the decline of the phlogistic theory, attempts were made to prove 
the identity of this imaginary substance with hydrogen, which shows 
how very nearly Scheelo’s reasoning approached to the truth, even with 
the very imperfect light which he then possessed. Berthollet’s move¬ 
ment was retrograde when, ten years afterwards, he styled chlorine oay- 
gmued muriuiie or oxymnriatic acid, but the experiments of Gay-Lussac 
and ThiJnard, and more particularly those of Davy in 1811, proved de¬ 
cisively that hydrochloric acid was composed of chlorine and hydrogen, 
and tlmt the effect of the black oxide of manganese in Schoele’s experi¬ 
ment was to remove the hydrogen in the form of water, thus setting the 
chlorine at liberty. 


Hydrochloric Acid. 

HCl = 36‘5 parts by weight = 2 vols. 

106. This acid is found in nature among the gases emanating from 
active volcanoes, and occaaonally in the spring and river waters of vol¬ 
canic districts. For use it is always prepared artificially by the action 
of sulphuric acid upon common salt— 

2NaCl -f 11,0. SO, = 2HC1 + Na.,O.SO, 

CDDimon salt. Siil]>hate of «oda. 

the sodium of the common salt 
changing places with the hydro¬ 
gen of the sulphuric acid. * 

300 gitkiuB of common salt (pre¬ 
viously dried iu an oven) arc intro¬ 
duced into a dry Florence flask (fig. 

177), to which has been fitted, I»y 
means of a j>erforatcd cork, a tube 
bent twice at right angles to allow 
the ^ to be collected by downward 
displacement. Six fluid drachms of 
strong sulphuric acid are poured 
u])0U the salt, and the cork having 
been inserted, the fla.sk is very 
gently heated in order to promote 
the disengagement of the hydro¬ 
chloric acid gas, which is collected 
in a perfectly dry bottle, the mouth Fig. 177.—Prcpanition of hydrochloric acid gas. 
of which, when full, may be covered 

with a glass plate smeared with a little grease. While being filled, tlie bottle may 
be closed with a perforated card. 

Common salt in powder sometimes froths to a very inconvenient extent with sul- 
Ithnric acid ; it is therefore often preferable to employ fragments of fused salt, pre¬ 
paid by fusing the common salt in a clay crucible, and pouring on to a clean dry 
stone. 

A more regular supply of hydrochloric acid gas is obtained from 1J oz. of sal-am¬ 
moniac in lumps, and li oz. (ineasared) of sulphuric acid. 

The bottle wiU be known to be filled with gas by the abundant escape 
of the dense fumes which hydrochloric acid gas, itself transparent, pro¬ 
duces by condensing the moisture of the air; for since the gas is much 
heavier than air (sp. gr. 1'247), it will not escape in any quantity from 
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the bottle uatil the latter is full. The odour of the gas is very sutfocat- 
ing, but not nearly so irritating as that of chlorine. 

The powerful attaaction for water is one of 
the most important properties of hydrochloric 
-acid gas. 

If a jar of hydrochloric acid gas he closed with a 
glass plate and inverted under water, it will be found, 
on removing the plate, that the gas is absorbed with 
great rapidity, the water being forced up into the 
bottle by the pressure of the external air in propor¬ 
tion as the gas is absorbed. 

A Florence flask is more convenient than a gas 
bottle for this experiment. It must be perfectly my, 
and thoroughly well filled with the gas, which may be 
allowed to csca|>e abundantly' from the mouth. The 
tube delivering the hydrochloric acid gas must be 
slowly withdrawn, so mat the vacancy may be filled 



Fig. 178. 


by gas and not by air. The flask is then closed with tlie thumb, and opened under 
water, which will enter it with great -violence. The experiment may also be made 
as in the case of ammonia (fig. 178, see page 121). 


The liquid hydrochloric, or muriatic acid of commerce, is a solution of 
the gas in water, and may be recognised by the grey fumes, with the 
peculiar odour of the acid, which it evolves when exposed to the air. One 
pint of water at a temperature of 40° F. is capable of absorbing 480 pints 
of hydrochloric acid gas, forming 1^ pint of the solution, having the 
specific gravity 1'21. 3'he strength of the acid purchased in commerce is 
usually inferred from the specilic gravity, by reference to tables indi¬ 
cating the weight of hydrochloric acid contained in solutions of different 
specific gravities. The strongest hydroclilor ic aci d (sp. gr. 1'21) contains 
43 per cent, by weight of the gas. The common acid has usually a bright 
yeUggjcolour, due to the accidental presence of a little ncrch loride of iro n 
(FejClg), an<l not unfrequently sm ells of c hlorine. 

This acid is produced in enormous quantities in the alkali works, whore 
common salt is decomposed by sulphuric acid in order to convert it into 


sulpliato of soda, as a preliminary step to the production of carbonate of 
soda. The alkali manufacturer is compelled to condense the gas, for it 
is found to wthcr up the vegetation in the neighbonrliood. For this pur- 

pose the hydrochloric acid gas is 
drawn up from the furnace 
through vertical cylinders filled 
with coke, over which streams of 
water ore made to trickle. The 
Avater absorbs the acid, and is 
drawn off from below. 

In preparing apure solution of theacid 
for chemical use on a small scale, the gas 
prepared as above may be passed into a 
small bottle containmg a very httlo 
water to wash the gas, or remove any 
sulphate of soda which may splash over, 
ancFthen into a bottle about two-thirds 
filled with distilled water, the tube de¬ 
livering the gas passing only about 
inch below the surface, so that the 
heavy solution of hydrochloric acid may 
fall to the bottom, and foesh water may be presented to the gas (fig. 179). For 
ordinary use, an acid of suitable strength is obtained by passing the gas from 6 



Pig. 179.- 


-Preparation of solution of hydro¬ 
chloric acid. 
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ounces of common salt and 10 ounces of sulphuric acid into 7 (measured) ounces 
of urater until its bulk has increased to 8 ounces. The bottle containing the urater 
should be surrounded with cold water, since the absorption of hy^cUoric acid by 
water is attended with evolution of heat. 

When the concentrated solution of hydrochloric acid is heated in a 
retort, it evolves abundance of hydrochloric acid gas, rendering it pro¬ 
bable that it is i\Q^a true chemical compound of water with the acid. 
The evolution of gas ceases when the remaining liquid contains 20 per 
cent of acid (and has a sp. gr. of 1*10). If a weaker acid than this be 
heated, it loses water until it has attained this strength, when it distils 
unchanged.* 

The concentrated solution forms a very convenient source from which to procure 
the gas. It may be heated in a flask, and the gas dried by passing through a bottle 
filled with fragments of pumice-stone wetted with concentrated sulphuric acid, being 
collected over the mercurial trough (fig. 180). 



Fig. 180. 


The avidity with which water absorbs hydrochloric acid is the more 
remarkable, because this gas can bo liquefied only imdor a very high 
pressure, amounting at tVie ordinary temperature to about 40 atmospheres. 

The liquefied hydrocUoric acid has comparatively little action even 
upon those metals which decompose its aqueous solution with groat 
violence; quick-lime is unaffected by it, and solid litmus dissolves in it 
with a feint purple colour, instead of the bright red imparted by the 
aqueous hydi-ocliloric acid. Dry hydrochloric acid gas is not absorbed by 
carbonate of lime. (These facts answer the objection that anhydrous sul¬ 
phuric acid (SOg) cannot bo considered an acid, because it has none of the 
powerful acid characters of oil of vitriol, smee it cannot be doubted that 
hydrochloric acid is, in a chemical sense, an acid in its anhydrous state, 
though it manifests its acid properties only when water is present.) 

The injurious action of hydrochloric acid gas upon growing plants is 
probably connected with its atti'oction for water. If a spray of feosh 
leaves is placed in a bottle of hydrochloric acid, it becomes at once brown 
and shrivelled. 

107. Action of hydrocJdoHc add upon metals ,—Thosemetels which 
have the stron gest attraction for oxyge n will also gc n^livlEavn t he 
strongest att racKon fcr chlori ne, so that in respect to their capability of 
decomposing nydrocUoric acid, they may be ranked in pretty nearly the 

• The proportion of acid thus retained by the water varies directly with the atmospheric 
pressure to which it is exposed during the distillatiou. 
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same order as in their action upon water (p. lO).' Since, however, the 
attraction of chlorine for the metals is generally superior to that of oxygen, 
the metals are more easily acted upon by hydrochloric acid than hy water, 
the metal taking the place of the hydrogen, and a chloride of the metal 
being formed. 

Even silver, which does not decompose water at any temperature, is 
dissolved, though very slowly, hy boiling concentrated hydrochloric acid, 
the chloride of silver formed being soluble in the strong acid, though it 
may be precipitated by adding water. 

Gold and platinum, however, are not attacked by hydrochloric acid, but 
if> little free clilorine be present, it converts them into clilorides, 

’ Iron and zme decompose the acid very r ^idly in the cold, forming 
chlorides of iron and zinc, aftd liberating hydrogen— 

Fe + 2HC1 - FeCIg + K,. 

When potassium or sodium is exposed to hydrochloric acid gas, it im¬ 
mediately becomes coated with a white crust of chloride, which partly 
protects the metal from the action of the gas, but when these metals are 
heated to fusion in hydrochloric acid gas, tliey bum vividly— 

m + HCl - NaCl + H. 

The composition of hydrochloric acid may be exhibited by confining a 
measured volume of the gas over mercury (see fig. 83, page 80), and passing 
up a freshly cut pellet of sodium. On gently agitating the tube, the gas 
diminishes in volume, and after a time will have contracted to one-half, 
and will be found to have all the properties of hydrogen. This result 
confirms that obtained by synthesis, as described above, that two volumes 
of Hydrochloric acid contain one volume of hydrogen and one volume of 
chlorine. 

The electrolysis of hydrochloric acid is exhibited in IheV-tnbe represented in fig. 

181, where the platinum plate p in the clo.sed limb 0 is connetded 
with a platinum wire sealed iuto the glass; the other limb, Ji, 
is open. If the closed limb be entirely filled with strong hydro¬ 
chloric acid, aud connected with the negative pole of a battery 
composed of five or six Grove’s or Bunseirs cells, the positive pole 
being connected with h, hydrogen will rapidly collect in the 
closed limb, whilst tlie odour of chlorine will be perceived in the 
open limb. As soon as the licjuid fills the open limb, the wire h 
is withdrawn, this limb closed with the thumb, and the hydrogen 
transfemd to it by inclining the tube. After testing the hydro¬ 
gen with a match, the poles of the battery may m reversed, 
when the chlorine will collect as gas in the closed limb as soon 

as the hydrochloric acid has become saturated with it. 

• 

, 108.— Action of hydrucltloric acid ujmi metaJlie 

oxides.—As a general rule it may be stated, that when 
hydrochloric acid acts upon the oxide of a metal, the 
results are water and a chloride of the metal, in which 
each atom of oxygen in the oxide has been displaced 
Fig. 181. by two atoms of chlorine. 

Thus, oxide of silver acted on by hydrochloric acid 
gives water and chloride of silver; Ag^O + 2HC1 = H^O + 2AgCl. 

Stdjoxide of” copper (cuprous oxide) yields water and subchloride of 
copper (cuprous cMoride); Cu^O -f 2HG1 = H,p + Ou^jCljc 

Sesquioxide of iron gives water and perchloride (sesquichloride) of 
aifon; Fe,0, + 6HC1 = 3HjO .+ Fe^Cl,. 
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With binoxide of Ian, water and tetrachloride (bichloride) of tin are 
obtained; SnO, + 4HC1 = 2H2O + SnCl4. 

Oxide of antimony is converted into water and terchloride of antimony; 
SbA + 6HC1 = 3H,0 + 2SbCl3. 

In cases where the corresponding chloride does not exist, or is not stable 
under the conditions of the experiment, a chloride is formed containing 
less chlorine than is equivalent to the oxygen in the oxide, and the bal¬ 
ance is evolved in the free state. Thus, when sesquioxide and binoxide 
of manganese are heated with hydrochloric acid— 

l^In^O^ + 6HC1 = 3H,0 + 2MnCl3 + Cl, 

MnO, + 4HC1 = 2H,0 + MnCl, + Cl^ 

Chromic acid, a chloride corresponding to which is not known to exist, 
when heated with hydrochloric acid, yields chromic chloride and 
chlorine; 2Cr03 + 12HC1 = 6H,0 + Cr.Cl, + Cl^. 

Every metallic oxide containing one atom of oxygen has a correspond¬ 
ing cldoride of a stable character, but the higher oxides less frequently 
form corresponding chlorides endowed with any stability. 

109. Molecular weitjht of hydrochloric acid. —It is ascertained by ex¬ 
periment that 36*5 grains of hydrachloric acid are required to neutralise 
one molecule (56 grains) of caustic potash. The number 36*5, therefore, 
represents the molecular weight of hydrochloric acid, and this receives 
confirmation from the circumstance that 36*5 parts by weight of hydro¬ 
chloric acid gas occupy twice the volume of 1 part by weight of hydro¬ 
gen (see page 36). 

110. Types of atomic formului; atomicity. —On examining the com¬ 
position by volume of hydrochloric acid, water, ammonia, and marsh-gas, 
it is seen that equal volumes of these compounds, measured in the gaseous 
state at the same temperature and pressure, contain respectively, 1, 2, 3, 
and 4 volumes of hydrogen. 

Thus 2 volumes of hydrochloric acid gas contain 1 volume of chlorine and 
1 volume of hydrogen. 

2 volumes of watery vapour contain 1 volume of oxygen and 2 
volumes of hydrogen. 

2 volumes of ammonia contain 1 volume of nitrogen and 3 volumes 
of hydrogen. 

2 volumes of marsh-gas contain 1 volume (1) of imaginary carbon 
vapour and 4 volumes of hydrogen. 

In the case of the marsh-gas, it has been already explained that the 
volume occupied by a given weight of carbon vapour caimot be ascer¬ 
tained by experiment, but there are reasons to justify the assumption that 
12 parts by weight of carbon vapour would occupy the same volume as 
1 part by weight of hydrogen. In the other cases, the above statements 
exhibit the direct residts of ^poriments previously described. 

If it be allowed that one atom of each element occupies one volume, 
then hydrochloric acid, water, ammonia, and marsh-gas will contain, for 
one atom of chlorine, oxygen, nitrogen, and carbon, respectively, 1, 2, 3, 
and 4 atom8 of hydrogen, or, taking the symbol for each element to re¬ 
present one atom— * 
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Vote. Weights. 

Hydrochloric acid = CIH = HCl = 2 « 36^ 

Water 0 HH = H,0 = 2 « 18 

Ammonia = HjiST = 2 « 17 

Marsh-gas = C HHHH= H,C = 2 = 16 

Since, on the atomic theory, hydrogen is accepted as the unit of atomic 
weight and volume, it appears reasonable to fix upon it as representing 
the unit of combining power, and to classify the elements according to the 
tendency of their atoms to imitate the combining power of one or more 
atoms of hydrogen. 

By the atomicity or qvmitivalence of an element is meant the number 
expressing the hydrogen-atoms to which one atom (or volume) of that 
element is usually equivalent. 

Thus, the atomicity of chlorine is = 1, for one volume (or atom) of this 
element not only combines with, and neutralises the properties of, 
one atom (or volume) of hydrogen, but is capable of representing, or 
occupying the place of, one atom of hydrogen in its compounds (see 
page 150). 

The atomicity of oxygen is = 2, since one volume (or atom) of oxygen 
combines with, and neutralises, two atoms (or volumes) of hydrogen in 
water, and is generally capable of occupying the place of two atoms of 
hydrogen in the compounds of that element. 

The atomicity of nitrogen is = 3, for one volume (or atom) of nitrogen 
neutralises the properties of three atoms (or volumes) of hydrogen in 
ammonia, and is often found to occupy the place of three atoms of hydro¬ 
gen in its compoimds. 

The atomicity of carbon is = 4, for one volume (or atom) of imaginary 
carbon vapour is combined, in marsh-gas, with foiu atoms (or volumes) of 
hydrogen, and in its compounds with other elements, one atom of carbon 
is usually found representing four atoms of hydrogen. 

Since hydrochloric acid, water, ammonia, and marsh-gas are the most 
conspicuous members of largo classes of chemical compounds, they are 
often referred to as types, and the elements, clilorine, oxygen, nitrogen, 
and carbon, are taken as the representatives of the various classes into 
which the elements are divided according to their atomicities. 

Chlorine is the type of one-atom elements (technically called mon¬ 
atomic, uni-equivalent, monad elements), the atomic weights of which are 
represented by the same numbers as their equivalent weights. 

Oxygen is the type of two-atom elements \di-aiomic, bi-equivalent, dyad 
elements), of which the number representing the equivalent weight is 
half of that which represents the atomic weight. 

Equivalent of oxygen = 8. 

Atom of oxygen - 16. 

Nitrogen is the type of three-atom elements (tri-atomic, ter-equivalent, 
triad elements), of which the number representing the equivalent weight 
is commonly taken as identical With tl^t which represents the atomic 
weight, though if the equivalentic system were rigorously carried out, the 
equivalent should be one-third of the atomid weight. 

Carbon is the type of four«tom elements (tetratomic, quadrequivalent, 
J^etrad dements), of whkh the number representing the equivalent weight 
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ooght to be one-fourth of that which expreBses the atomic weight, whereas 
it is usually represented as half that number. 

Equivalent of carbon * 6. 

Atom of carbon *12. 


Such anomalies as these are unavoidable during the present transitional 
period through which chemistry appears to be passing towards the ulti¬ 
mate adoption of atomic (or molecular) formulae in the place of equivalent 
formulae, a change which offers dazzling prospects of advantage in specu¬ 
lative chemistry, but will probably be of less service in practice than the 
preservation of equi-rolent formulae, so corrected as to remove the anomalies 
presented in some few cases. 

The experience of the last few years seems to warrant the belief that it 
will bo long before experiment (the only possible final resort for the 
chemist) has so far removed the exceptions to the atomic formulae which 
are presented, in some cases, by the gaseous volumes and specific heats of 
the elements, that these formulae can be said to present us with so true a 
record of the actual results of experiment as to console us for the loss of 
the greater simplicity and practical utility of the equivalent formulae. 

It is remarkable that the four elements, hydrogen, oxygen, nitrogen, 
and carbon, which compose the chief part of living matter, are respectively 
monatomic, diatomic, triatomic, and tetratomic elements. 

In speculations rdating to the atomic structure of compounds, it is 
now usual to represent graphically the atomicity of each element; thus 
a monatomic element, like hydrogen, is represented as affording one point 
of attachment, which may be indicated by writing the symbol H —; a 
diatomic element, like oxygen, affords two points of attachment, as showm 
by writing its atomic symbol —O —; accordingly, to form water, the dia¬ 
tomic oxygen attaches to itself two atoms of hydrogen, as rcpi'esented by 
the molecular fonnula II—0—II, wherojis in the peroxide of hydrogen 
(HjjOj) the second atom of oxygen is only held by one point of attach¬ 
ment, so that the graphic expression H—0—H—0— accounts at once 
for its tendency to decompose into water and free oxygen. A triatomic 

element, such as nitrogen, has three points of attachment ^!?—^ and 

H 

thus in ammonia, attaches to itself three atoms of hydrogen —H. 


The tetratomic element, carbon, affords four points of attachment 
and thus marsh-gas (CH4I is represented by carbonic acid 

(CO^ by 0<(>C<(>0. 


Compounds of Chlorine with Oxygen. 

111. It is worthy of notice that whilst chlorine and hydrogen so readily 
unite, there is no method by which chlorine can be made to combine in a 
direct manner with oxygen, all the compounds of these elements having 
been hitherto obtained only Isy indirect processes. An excellent illustra¬ 
tion is thus affolrded of the fact, that the more closely substances resemble 
each other in their chemical relations, the less will be their tendency to 
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combine, for chlorine and oxygen are both highly electron^tive bodies, 
and therefore, having both a powerful attraction for the electropositive 
hydrogen, their attraction for each other is of a very low order. 

112. HypocMorovs acid (CljO) is of some practical interest as one of 
the constituents of chloride of Ume, chloride of soda, and other bleaching 
compounds. It is prepared by passing dry cMorine gas over dry precipi¬ 
tated oxide of mercury, and condensing the product in a tube surrounded 
with a mixture of ice and salt— 

HgO {oxide of mercury) ■+ CI^ = HgCl^ (biehloriik of mercury) CljO. 

The hypochlorous acid is thus obtained as a deep red liquid, which boils 
at 19® F., evolving a yellow vapour thrice as heavy as air, and having a 
very powerful and peculiar odour. This vapour is remarkably explosive, 
the heat of the hand having been known to cause its separation into its 
constituents, when two volumes of the vapour yield two volumes of 
chlorine and one volume of oxygen. As might be expected, most sub¬ 
stances which have any attraction for oxygen or clilorine will decompose 
the gas, sometimes with explosive violence. Even hydrochloric acid de¬ 
composes it; one volume of hypochlorous acid gas is entirely decomposed 
by two volumes of hydrochloric acid, yielding water and chlorine— 

ClgO -I- 2HC1 - IlgO -f- Cl,. 

Hyjwchlorous acid is a powerful bleaching agent, both its chlorine and 
oxygen acting upon the colouring matter in the manner explained at 
page 150. 

Hypochlorous acid is absorbed in large quantity by water. The solu¬ 
tion may be very readily prepared by shaking the red oxide of mercury 
with water in a bottle of chlorine as long as tlie gas is absorbed. The 
greater part of the chloride of mercury which is produced combines with 
the excess of oxide of mercury to form a brown insoluble oxychloride, 
whilst the hypochlorous acid and a little chloride of mercury remain in 
solution. This solution is a most powerful oxidising and bleaching agent; 
it erases writing ink immediately, and docs not corrode the paper if it be 
carefully washed. Printing ink, which contains lamp-black and grease, 
is not bleached by hypochlorous acid, so tliat this solution is very useful 
for removing ink stains from books, engraving.s, <fec. 

The action of some metals and their oxides upon solution of hypo¬ 
chlorous acid is instructive. Iron seizes upon the oxygen, whilst the 
chlorine is liberated; copper takes both the oxygen and chlorine, whilst 
silver combines with the chlorine and liberates oxygen. Oxide of lead 
(PbO) removes the oxygen, becoming peroxide of lead (PbOg), and libe¬ 
rating chlorine, but oxide of silver converts the chloriue into chloride of 
silver, and liberates the oxygen; AggO -f CIgO = 2AgCl + Og. 

The salts of hypochlorous acid, or hypochlorites, are not known in a 
pure state, but are obtained in solution by neutralising the solution of 
hypochlorous acid with bases. They are decomposed even by carbonic 
a^, with liberation of hypochlorous acid. “ 

When the solution of a hypochlorite is boiled, it becomes converted 
into a mixture of chloride and chlorate; thus-^ 

3(^20. ClgO) = 2(KC10g) -H 4KC1. 

Hypochlorite of potash. Chlorate of potash. Sotamtem* 
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This change is turned to practical account in the manufacture of chlorate 
of potash. It is much hindered by the presence of on excess of 
The solution of hypochlorous acid itself, when exposed to light, is decom¬ 
posed into chloric acid and free chlorine— 

SClsO -I- HgO =: 2 HCIO 3 -f CI 3 . 

Chloride of lime (see p. 161) is the most important compound 
containmg hypochlorous acid. Its formula has already been given as 
CaO.CljO + CaClj.2CaO + 4Aq, showing it to be a mixture of hypo¬ 
chlorite of lime with oxychloride of calcium. When this compoimd is 
distilled with a small quantity of diluted sulphuric acid, a solution of 
hypochlorous acid is obtained; but if an excess of acid be used, the chlo¬ 
ride of calcium is decomposed, furnishing hydrochloric acid, which acts 
upon the hypochlorous acid, and free chlorine is the result. Alcohol, 
although capable of dissolving chloride of calcium, does not extract that 
salt from bleaching powder, because it is combined with lime; but an 
excess of water decomposes the compound of chloride of calcium with 
'lime, and dissolves the former. 

Bleaching powder is liable to decomposition when kept, its hypochlorite 
of lime evolving oxygen, and becoming converted into chloride of calcium, 
which attracts moisture greedily, and renders the bleaching powder deli¬ 
quescent. It has been !^own to shatter the glass bottle in which it was 
preserved, in consequence of the accumulation of oxygen. 

When a solution of salt of manganese or cobalt is added to solution 
of chloride of lime, a black precipitate of binoxide of manganese or sesqui- 
oxido of cobalt is obtained, the oxide of manganese or of cobalt acquiring 
additional oxygen from the hypochlorite of lime, and fonning an oxide 
which is indifferent, and does not remain in combination with the acid. 
If this precipitate be boiled with an excess of solution of chloride of 
lime, it causes a rapid disengagement of oxygen in some manner that has 
not yet been clearly explained. 

Large quantities of oxygen are easily obtained by adding a few drops of 
solution of nitrate of cobalt to solution of chloride of lime, and applying a 
gentle heat. 

Hypochlorite of soda, which is very useful for removing ink, is prepared 
in solution by decomposing solution of chloride of lime with solution of 
carbonate of soda, and separating the carbonate of lime by filtration. 
The solution is generally called “ chloride of soda,” 

113. Chloric acid (HCIO 3 ).—This acid is appropriately s^died here, 

' since its compounds are usu^ly obtained by the decomposition of the 
hypochlorites. The only compound of chloric acid which possesses any 
great practical importance is the chlorate of potash (KCIO 3 ) which is 
largely employed as a source of o^gen, as an ingredient of several explo- \ 
sive compositions, and in the manufacture of lucifer matches. 

Chlorate/)/potash.—The simplest method of obtaining this salt con¬ 
sists in passing an excess of chlorine rapidly into a strong solution of 
potash, when the liquid becomes hot enough to decompose the hypo^* 
tshlorite of potash first formed, into chloride of potassium, which remains 
in solution, and chlorate of poiiipsh, which is deposited in tabular crystals, 
the ultimate result being expr^'eed by the equation— 

6 (KHO) + Cl, = mo, + 6 m + 3H,0. 
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If carbonate of potash or a weak solution of hydi^ of potash be employed, 
the liquid will require boiling after ^turation with chlorine, in order to 
convert the hypochlorite into chlorate. 


The following proportions will be found convenient for the preparation of chlorate of 

potash on the small scale as a laboratory experiment. 
300 grains of carbonate of potash are dissolved, in a 
beaker, with two measured ounces of water. COO 
grains of common salt are mixed with 460 grains of 
binoxidc of manganese, and very gently heated in 
a flask (fig. 182} with a mixture of IJ ounce (mea¬ 
sured) of strong sulphuric acid and 4 ounces pnea- 
sured) of water, the evolved chlorine being passed 
through a ratlier wide bent tube into the solution 
of carbonate of potash. 

At first no action will appear to take place, 
although the solution absorbs the chlorine; be¬ 
cause the first portion of tliat gas converts the car¬ 
bonate of potash into a mixture of hypochlorite of 
potash, chloride of ]>otassinin, and bicarbonate of 
potash, some cry.stals of which will probably be de- 

rig. 182 . 

4(K'0.C0a) + Cl^ H 2 H 2 O = 2KC1 -1- KjO.ClaO + 2(KjO.H20.2C0,). 



On continuing to pass chlorine, these crystals will rcdissolve, and brisk efferves¬ 
cence will be caused by the expulsion of the carbonic acid from the bicarbonate of 
potash— 

2(K,0.H20.2C02) + Cl, = 2KC1 + KjO.ClgO -I- 2 H 2 O + iCO^. 

When this effervescence has ceased, and the chlorine is no longer absorbed by the 
liijuid, the change is complete, the ultimate result being represented by the 
equation— 

2(K20.C02) + Cl, = 2KC1 + KjO.CljO + 2 CO,. 


The solution (which often lias a pink colour, due to a little perman^nate 
of potash) is now poured into a dish, boiled for two or throe minutes, filtered, if ne¬ 
cessary, from any impurities (silica, &c.,) derived from the carbonate of jiutush, and 
sot aside to crystallise. The ebullition bus converted the hypochlorite of potash into 
chlorate of potash and chloride of potassium— 

S(K20.C]/)) = 2 KCIO 3 + 4KCI. 

The latter being soluble in about three times its weight of cold water, is I’etained 
in the solution, \railst the chlorate of potash, which would require about sixteen 
times its weight of cold water to bold it dissolved, is deposited in brilliant rhom- 
boidal tables. These crystals may be collected on a filter, and purified from the, 
adhering solution of chloride of jiotassium by pressure between successive portions 
of filter-jtaper. If they be free from chloride of potassium, their solution m water 
will not be changed by niti’ate of silver, which would yield a milky precipitate of 
chloride of silver if that impurity were present. Should this be the case, the cr 3 r 8 - 
tals must be rcdissolved in a small quantity of boiling water and recrystallised. 

The above processes for preparing the cMorate of potash are far from 
economical, since five-sixths of the potash are converted into chloride, 
being employed merely to furnish oxygen to convert the chlorine into 
chloric acid. In manufacturing chlorate of potash upon the large scale, a 
much cj;ieaper material, lime, is used to furnish the oxygen, one molecule 
of carbonate of potash being mixed with six moleciJes of slaked lime, 
and the damp mixture saturated with -chlorine. On treating the mass 
with boiling water, a solution is obtained which contains chlorate of 
potash and chloride of calcium, the latter, being very soluble, remains in 
the liquor from which the chlorate of potwh crystallises on cooling. The 
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ultimate result of the action of chloHue upon the mixture of carbonate of 
potash and lime is thus expressed— 

; .^KgO.CO, + 6 CaO + CI„ = 2KC10, + SCaCl, + CaO.CO,. 

"A still cheaper salt of potassium, the chloride, has recently been cm 
ployed with great economy as a substitute for the carbonate of potash. 
The solution of chloride of potassium is mixed with lime, and saturated 
with chlorine in close leaden tanks. Tlio solution is filtered, evaporated 
neai'ly to dryness, and redissolved in hot water, when the chlorate of 
potash crystallises out on cooling. The chloride of calcium is precijii- 
tated by carbonate of soda to obtain precipitated chalk. 

Anhydrous chloric acid (CLO,) has never been obtained in the separate 
state j but its hydrate (HjO.Cl^Oj or HClOj,) may be procured by decom¬ 
posing a solution of chlorate of potash witli hydrohuosilicic acid, when 
the potassium is deposited as an insoluble silico-fluoride, and hydmted 
chloric acid is found in the solution*— 

2 KCIO 3 4- 2HF.SiF^ acw) = 211C10j + 2KF.SiF4. 

On evaporating tlie solution at’ a teifiperature not exceeding 100“’ F., 
the hydmted chloric acid is obtained as a yellow luiuid with a peculiar 
pungent smell. 

In its chemical characters, hydrated chloric acid bears a very strong 
resemblance to hydrated nitric acid, but is far more easily decomposed. 
It cannot even be kept unchanged for any length of time, and at tem¬ 
peratures above 104" F. it is decomposed into perchloric acid, chlorine, 
and oxygen— 

4 ( 110103 ) =. 2HCIO, -f- 11./) -f CI .3 + O,,. 

Hydrated chloric acid is one of the most powerful oxidising agents; 
a drop of it "will set live to i)aper, and it oxidises phosidionis (oven the 
amorphous variety) with explosive violence. 

Chlorates. —Chloric acid, like nitric, is monobasic, containing only 
one atom of hydrogen replaceable by a metal. The chlorates resemble the 
nitrates in their oxidising poAver, but generally act at 
lower temperatures, in conse(]uencc of the greater facility 
with which the chlorates ])art with their oxygon. 

A grain or two of chlorate of nutafih, ruhl)ed in a mortar with 
a little sulphur, for example, detonates violently, evolving a 
powerful odour of chloride of sul])hur. Chlorate of potash and 
sulphur AVere used in some of the lirst percussion cajis, hiit being 
found to corrode the nipjde of the gun, they gave place to the 
anticorrosive caps containing fulminate of mercury. 

If a little powttered chlorate of potash ho mixed, on a card, 

AA'ith some black sulphide of antimony, and wrapped up in paper, 
the mixture will detonate when struck with a hammer. 

A mixture of this description is employed in the frietmi ttibes': 
used for fixing cannon. These are .smaH tubes (A, fig. 183) of sheet' 
copper (for military) or of ^uill (for naval use), filled with gun¬ 
powder ; in the upper part of the tube a small copper rasp (B) 

18 tightly fixed across it, and on each side of the rasp a pellet is 
placed containing 12 parts of chlorate of potash, 12 of sulphide^ 
of antimony, and 1 of sulphur, th^e ingredients being worked up 
into a paste with a solution of an ounce of shellac in a pint of 
spirit of wine. The friction tube is fixed in the vent of the gun*, 
and the copper quickly withdrawn by a cord in the hands of the 

ganner, wuen tCS^etouating pellets explode and fire the powder. 

* 440 grain measures of hydrofluosilicic acid of sp. gr. 1078 will decompose 100 grains 
of chlorate of potash. 
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Thfi earliest lacifer ^jiaaiitchee were tipped with a mixture of chlorate of potash, 
8al{^de of antimony and starch, and were kindled by drawing them briskly mough 
a doubled piece of sand-paper. 


At Tii gh temperatures the chlorates act violently upon combustible 
bodies. A little chlorate of potash sprinkled upo'n red-hot coals causes a 
very violent deflagration. If a little chlorate of pot¬ 
ash be melted in a deflagrating spoon, and plunged 
into a bottle or flask containing coal-gas (fig. 184), 
the salt bums with great brilliancy, its oxygen com¬ 
bining with the carbon and hydrogen in the gas, 
which becomes, in this case, the suppoiier of com- 
hmtion. The flask may be conveniently filled witli 
coal-gas by inverting it, and passing a flexible tube 
from the gas pipe up into it. 

Chlorate of potash is much used in the manufac¬ 
ture of fireworks, especially as an ingredient of 
coloured fire compositions, which generally consist 
of chlorate of potash mixed with sulphur, and with 
some metallic compound to produce the desireil 
colour in the flame. They are not generally made 
of the best quality on the small scale, from want of attention to the very 
finely powdered state of the ingredients, the absence of all moisture, and 
the most intimate mixture. 



Fig. 184. 


If tlieiie pr^autions be attended to, tlie following prescription will give very 
gopd coloured fires :— 

Bei fire.—AO gpiinsof nitrate of strontia, thoroughly dried over a lamp, arc mixed 
with 10 grains of chlorate of potash, and reduced to the finest possible powder. In 
another mortar 13 grains of sulphur are mixed with 4 grains of black sulphide of 
antimony (crude antimony). The two powders are then placed upon a sheet of 
paper, and very intimately mixed with a hone knife, avoiding any gi'eat pressure. 
A uttle heap of the mmure touched with a red-hot iron ought to hum with a 
uniform red flame, the colour being due to tbe struntium. 

Blue fire .—16 grains of chlorate of potash are mixed with 10 grains of nitrate of 
potash and 80 grains of oxide of coin>er, in a mortar. The finely-powdered mixture 
IS transferred to a sheet of paper, and mixed, by a bone knife, with 15 grains of 
sulphur. The colour of the fire is given chiefly by the copper. 

Green fire .—10 grains of chlorate of baryta are mixed with 10 grains of nitrate of 
baryta in a mortar, and afterwards, on paper, with 12 grains of sulphur. The barium 
is the cause of the bright green colour of the flame. 

These compositions ore rather dangerous to keep, since they are liable to spon¬ 
taneous combustion. 

WhUe gunpoioder is a mixture of two parts of chlorate of potash with one part of 
dried yellow prussiate of potash, and one part of sugar, which explodes very easily 
under friction or percussion. • 

Tbe decQpjposition of chlorate of potash by beat into oxygen and chlo¬ 
ride of potassium is attended with evolution of heat, unlike most cases of 
chemical decomposition, in which heat is generally absorbed. If chlorate 
of potash be heated to the point at which it begins to decompose, and a 
little peroxide of iron be thrown into it, enough heat will he evolved to 
bring the mass to a red hrat, although the peroxide of non is not oxidi^d. 
Experiment has shown that one part of chlgrate of potash evolves, during 
decomposition, nearly 39 units of heat, or enough heat to raise 39 parts of 
water through 1° C. This anomalous evolution of heat must of course 
contribute to increase the energy of explosive mixtures containing the 
chlorate, and may be accounted for on the supposition, that the heat evolved 
by the combination of the potassium with the chlorine to form chloride of 
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potassium exceeds that which is absorbed in effecting the chemical disin¬ 
tegration of the chlorate. 

114. Anhydrous perchloric add (CljO,) is not known. The hydrated 
acid is obtained by evaporating down, at a boiling heat, the solution of 
chloric acid obtained by decomposing chlorate of potash with hydrofluo- 
sUicic acid (see p. 163), when the chloric acid is decomposed into per¬ 
chloric acid, chlorine, and oxygen— 


4(HC103) = 2HC10* + H,0 + Cl, + 0,. 

When, the greater part of the water has been boiled off, the liquid may be intro¬ 
duced into a retort and distilled. After the remainder of the water has passed over, 
it is followed by a heavy oily liquid which is HC104.2H,0. If this be mixed wi& 
four times its volume of strong sulphuric acid and again distilled, the pure hydrated 
perchloric acid (HCIO4) first passes over as a yellow watery liquid. If the distillation 
be continued, the oily 110104.2H5O distils over, and if this bo mixed with the former 
and cooled, it yields silky crystals containing HC104^.H,0, which are decomposed at 
280' F. into HCIO4, which may be distilled off, and HC104.2Hg0, which is left in 
the retort— 

2(HC104.Hg0) = HCIO4 + HC104.2fIj0. 

The pure hydrated perchloric acid is a colourless, very heavy liquid 
(sp. gr. 1*782), which soon becomes yellow from decomposition. It 
cannot be kept for any length of time. When heated it undergoes 
decomposition, often with explosion. In its oxidising properties it is 
more powerful than chloric acid. It burns the skin in a very serious 
manner, and sets fire to paper, charcoal, &c., with explosive violence. 
'J'his want of stability, however, belongs only to the pure hydrate. If 
water be added to it heat is evolved, and a diluted acid of far greateif per¬ 
manence is obtained. Diluted perchloric acid does not even bleach, but 
reddens litmus in the ordinary way. 

Perchloric acid is monobasic. The j>erchlorates are decomposed by 
heat, evolving oxygen, and leaving chlorides j thus— 

K.CIO 4 {Perchlorate of potaih) = !K.C1 + O 4 . 


The perchlorate of potash is always formed in the first stage of the decom¬ 
position of chlorate of potash by heat— 

2(KC103) = KCIO4 + KCl + Og. 


If a few ciystala of chlorate of potash be heated in a test-tube, they first melt to 
a periectly clear liquid, which soon evolves bubbles of oxygen. After a time the 
liquid becomes pasty, and if the contents of the tube, after cooling, he dissolved by 
boiling with water, the latter will deposit, as it cools, crystals of perchlonite of 
]M)tash. These are readily distinguished from chlorate of potash by their not yield¬ 
ing a yellow gas (CIO,) when treated with strong sulphuric acid. The perchlorate 
of potash is remarkable as one of the least soluble of the salts of potash, requiring 
160 times its weight of cold water to dissolve it. Neither perchloric acid nor any 
of its salts is applied to any useful purpose. 


116. Chloric peroxide or peroxide of chlorine (CIO,) is dangerous to prepare and 
examine on account of its great instability and viylentlv explosive diarac ter. It is 
obtained by the action of strong sulphuric acid upon cniorate of potash—- 


8(KC10,) -H 
Chlorate of 
potash. 


2 H,S 04 

Solphuric odd. 


= fcC 104 + 

Perchlorate of 
potash. 


2 (KHS 04 ) 
Bbalphsto of 
potash. 


+ 2C10, 
Chloric peiv 
oxide. 


H,0 


It is a bright yellow gas, with a chlorous and somewhat aromatic smell, and sp. ot. 
2-82; oondeimble at -—4' P. to a red, very explosive liquid. The gas ia mduam 
decomposed into its elements by exposure to light, and a temperature of 140' V. 
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caasea it tu decoin])ose witli violent explosion into a mixture of cliloiine and oxygen, 
the volume of wliicli is one-third greater than tliat of the compound. . 

On a small scale chloric peroxide may he prepared with safety by pouring a little 
strong sulphuric acid upon one or two crystals of chlorate of potash in a test-tube 
supported in a holder. The crystals at once acquire a red colour, which gradually 
diffuses itself through the liquid, and the bright yellow gas collects in the tube. If 
heat be applied, the gas will explode, and the colour and odour of chloric peroxule 
will be exchanged for those of chlorine. If the chlorate of potash employed in this 
experiment contains chloride of potafsium, explosion often takes place in the cold, 
since the hydrochloric acid evolved by the action of the acid upon that salt decom- 
jioses a part of the cldoric peroxide, and thus provokes the decomposition of the 
remainaer. 

. lUhloric peroxide is easily absorbed by water, and the solution has 
/ powerfid bleac hing p roperties. Combustible bodies, such as sulphur and 
phosphorus, decompose tlie gas, as might be expected, with great violence. 
This powerful oxidising action of chloric peroxide upon combustible sub • 
stances, appears to be the cause of the property possessed by mijrtures 
of such substsinces with chlorate of potash to inflame when touched with 
strong sulphuric acid. 

If a few crystals of chlorate of potash be thrown into a glass of water (fig. 185), 
one or two small fragments of phosphorus dropped upon them, 
and some strong sulphuric acid poured down a funnel tube to 
the bottom of the glass, the chloric peroxide will inflame the 
phosplionis with bright flashes of light and slight detonations. 

Powdered stigar, mixed with chlorate of potash, on paj*cr, will 
burn brilliantly when touched with a glass rod dipped in strong 
sulphuric acid. Matches may be priqiared which inflame when 
moistened with sulphuric acid, by dipping the ends of splinters 
of wood in molted sulphur, and when cool, tipping them with a 
mixture of 5 grains of sugar and 15 grs. of chlonitc of potash 
made into a paste with 4 drops of water. When dry they may 
be fired by dipping them into a bottle containing asbestos mois¬ 
tened with strong suljihnric acid. These matches, under the 
names of Kujiyrion and Vc.sta maf.ehe.s, were used before the 
introduction of x^hosjihorus into general use. The Promethean 
light was an ornamental scented paper sjiill, one end of which 
Fig. 185. contained a small glass bulb of sulphuric acid surrounded with 
a mixture of chlorate of potasli and sugar, which inflamed w'hen 
the end of the spill was struck or .squeezed, so as to break the bulb containing the 
siiljihuric acid, Tlie paner was waxed in order to make it inflame more easily. Per¬ 
cussion fuses, &c., have Dcen often constructed uiion a similar principle. 

Chloric peroxide used to be called liypocliloric acid, but, like nitric 
peroxide, it appears to liave no claim to bo considered a true acid, since, 
in contact with the alkab'cs, it yields mixtures of chlorites and chlorates; 
thus— 

4C10, + 2Kfi = K,0.C1,03 + 2 KCIO 3 . 

Emhloriw, the deep yellow, dangerously explosive gas evolved by the 
action of strong hydrochloric acid upon chlorate of potash, appears to be 
a compoimd of anhydrous chloric and chlorous acids ( 2 CL^ 0 j.Cl 203 ) mixed 
with free chlorine. 

' 116. Chlorous fwid (Cl^Oj)'* is anothqy unstable and dangerously 

explosive gas, obtained by the action of a.very gentle heat upon a mix¬ 
ture of three parts of arsenious acid, four of chlorate of potash, and sixteen 
of diluted nitric acid (sp. gr. r24)—^ 

* This gas occnjiies three times the volume of an atom of hydrogen, instead of twice that 
volume, as tisual. 
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2KC10j <CWorate<i/'po<afft) + 2H]S’Oj, oc«) + ASjOg (AM«ni<«a a«(d) 

2KlfOj, (titrate <if pottuh) + As^Oj (Arsatk act'd) + Cl^Og (Chloroiu add) 4- HgO . 

Chlorous acid is a deep yellowish green heavy gas (sp. gr. 2*65) which 
is absorbed by water, and decomposed even more easily than the chloric 
peroxide. It is a weak acid, its salts, the elilimtes, Wng decomposed 
even by carbonic acid. A mixture of ice and salt does not liquefy 
chlorous acid, but an intense cold condenses it to a red liquid, of sp. gr. 

1 *33, which boils at a little above the melting-point of ice, and explodes 
at a somewhat higher temperature. 

117, Gemral review of the oxides of chlorine. —Several points of resem- 
l^ncje.will have been noticed between the series of oxides of chlorine and 
those of nitrogen,^ but'“fKe fom^aie WuoF’Iess stable tbanTEeTatter. 
Chlorous acid (ClgOj), like nitrous acid (N^Og), is a weak acid; chloric 
peroxide (ClOj or ClgO^) is easily resolved by bases into chlorous and 
chloric acids, just as nitric peroxide (NOg or N^O^) is resolved into nitrous 
and nitric acids. Tlie hydrated chloric acid (HClOj,) is a powerful oxi- ^ 
dising agent like hydrated nitric acid (HIsOg), and the chlorates resemble 
the nitrates in their solubility in water and their oxidising power. The 
composition by volume of those oxides of chlorine which are known in 
the sepai’ato state, is exhibited in the following table :— 



Some chemists refuse to regard tlie hypochlorite.s and chlorites, as com¬ 
posed of basic oxides united wdtli hy])ochiorous and chlorous acids respec¬ 
tively, but consider them as flerivod from (hf/pothcticcd) hydmteii hypo- 
chlorous acid (HgO.CLjO or TICIO) and ijif/pothetiral) hydrated chlorous 
acid (HgO.ClgO, or HClOJ, by the substitution of metals for the hydrogen 
contained in those compounds. Thus hypochlorite of lime (CaO.CliO) 
would become Ca((/lC))a, cliloritc of potash (KgO.ClaOg) wtnild be KClUj. 


Chlobidks op CaRIU)N. 

118. It has already been seen that chlorine has no direct attraction for 
carbon, the two elements not being known to enter into direct combina¬ 
tion, but several chlorides of carbon may be obtained by the action of 
chlorine upon other compounds of carbon. Thus, if Dutch liquid 
(CjH^Clj), produced by the combination of olefiant gas with chlorine 
(p. 92), be acted upon with an excess of chlorine in sunlight, the whole 
of its hydrogen is removed in the form of hydrochloric acid, and an equi¬ 
valent amount of chlorine^is substituted for it, yielding the triehloridej 
formerly called mquichlonde of cmrhoti (CgClg)— 

C,H,Clg -f- Clg - CgClfl + 4HG1. 

Trichloride of carbon is a white crystalline solid, with an aromatic 
odour rather like that of camphor. It fuses at 320® F., and boils at 360“, 
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subliming unchanged. It is not dissolved by water, but is soluble in 
alcohol and ether. 

When the vapour of trichloride of carbon is passed through a tube 
containing fragments of glass heated to redness, it is decomposed into 
chlorine and a colourless liquid, which is the dichloride, formerly call^ 
protochloride of carbon (CgCl*). It has an aromatic odour, and boils at 
248° I*.; is heavier than water (sp, gr. 1*5)^ which does not dissolve it, 
and is soluble in alcohol and ether. 

By passing the vapour of this dichloride of carbon through tubes heated 
to bright redness, it is decomposed into chlorine and monochloride, for¬ 
merly called suhchloride of carbon (C,Clj), which forms silky crystals 
almost free from odour, insoluble in water, but soluble in ether, and 
capable of being sublimed unchanged at a high temperature. It bums 
in air with a red smoky flame. 

Tetrachloride {bicJdoride) of carbon (CCIJ has been mentioned (p. 160) 
as the final result of the action of chlorine upon marsh-gas (Cfl^) and uj^n 
chloroform (CHClg). It is easily obtained in large quantity, by passing 
chlorine (dried by passing through a tube containing piunice wetted with 
strong sulphuric acid) (fig. 186) through a bottle containing bisulphide of 



Fig. 186.—Preparatiou of LicUoride of carbon. 

carbon, and afterwards through a porcelain tube wrapped in sheet copper, 
and filled with fragments of broken porcelain, maintained at a red heat 
by a charcoal or gas furnace, and condensing the products in a bottle sur¬ 
rounded by ice. A mixture of tetrachloride of carbon and chloride of 
sulphur is thus obtained— 

CS, 4- Clg = CCl, -I- S,C1,. 

BisnlphWeofcoibon. Tetrachloride Chloride of 

of carbon. sulphur. 

By shaking this mixture with solution of potash, the chloride of sulphur 
is decomposed and dissolved, whilst the tetrachloride of carbon separates 
and falls to the bottom. The upper layer Having been poured off, the 
tetrachloride may be purified by distillation. 

Tetrachloride of carbon is a colourless liquid much heavier than water 
(sp. 1*6), having a peculiar odour, and boiling at 172° P. It may be 
|oUdified at - 9° F. The tetrachloride is insoluble in water, but dissolves 
in alcohol and other. 
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By the action of chlorine on naphthaline (CjqH,,) Laurent obtained, as 
the ultimate result^ a crystalline chloride of carbon containing Cj^gCl^ to 
which he gaye the name chlonapMhalm. 

It will be noticed that each of the compounds of chlorine with carbon, 
except the sesquichloride, has its parallel in the compounds of hydrogen 
with carbon thus— 

Acetylene CjH, corresponds to monochloride of carbon C,Clj 
Olefiant gas C^4 „ dichloride „ 0*014 

Marsh-gas OH4 „ tetrachloride „ OOI 4 

The history of trichloride of carbon affords an instructive instance 
of the influence of the molecular weight of a compound upon its proper¬ 
ties. By passing the vapour of tetrachloride of carbon through a tube 
heated to dull redness, a liquid is obtained which is found by analysis to 
contain precisely the same proportions of carbon and chlorine as the solid 
trichloride above describe, but the specific gravity of its vapour 
(H=l) is only 59'25, which is half that of the vapour of solid tri¬ 
chloride of carbon, showing that in the liquid compound the same propor¬ 
tions of carbon vapour and chlorine are condensed into a volume tmce as 
largo as in the solid trichloride, 2 vols. of the vapour of the liquid 
containing 1 vol. imaginary carbon vapour, and 3 vols. chlorine, and 
being represented by the formula CCl,. 

The following table exhibits the composition of the chlorides of 
carbon:— 


ChloHdes of Carbon. 


- 

Molecular 

FonnuIiB. 

Molecular 

Volume. 

Molecular 

Weight. 

Monochloride, . 

C,C1* 

2? 

95-0 

Dichloride, 

C,Cl4 

2 

1660 

Trichloride (solid). 

C,CIe 

2 

2370 

„ (liquid), . 

CC13 

2 

118-5 

Tetrachloride, . 

CC14 

2 

154-0 


119. Oxychloride of carbon, cldorocarhonic acid, or phosgene gas, is 
produced by the direct combination of equal volumes of carbonic oxide 
and chlorine gases under the influence of sunlight (whence iis last name), 
when the mixture condenses to half its volume of a colourless gas, con¬ 
densable by cold, having a very peculiar pungent smell, and fuming 
strongly when exposed to moist air, decomposing the moisture and pro¬ 
ducing hydrochloric acid; CO.Cls+H^O = COj-fflHCl. It is not a true 
acid, for it is decomposed by bases, producing chlorides and carbonates. 
It is sometimes found useful in chemical research for removing hydrogen 
from organic compounds, and introducing carbonic oxide, or its elements, 
into its place. Its action on ammonia affords an example of this— 

4(ira.) + co.ct = COH,N, + 2(NH..HC1) 

<'"«• “'SSL'*"' 

* When vapour of dichlorkle of carbon is mixed with hydro^, and passed thi'ough 
a red-hot tube, olefiant (^as and hydrochloric acid are produced. The tetrachloride, under 
similar circumstances, ^Helds mtj'sh-gas. 
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in wMch two molecules of NH3 have been decomposed, two atoms of the 
hydrogen having been removed in the form of hydroohlorio acid, and 
replaced by a molecule of carbonic oxide. 

120. Chloride of silicon, unlike the chlorides of carbon, maybe formed 
by the direct union of silicon with chlorine at a high temperature j but it 
is best prepared by passing dry chlorine over a mixture of artificial silica 
and charcoal, heated to redness in a porcelain tube connected with a 
receiver kept cool by a freezing mixture. Neither carbon nor chlorine 
separately will act upon the silica, but when they are employed together, 
the carbon removes the oxygen and the chlorine combines with the sili¬ 
con—SiO^ + Cj + CI4 = SiCl, + 2CO. 

The chloride of silicon is a colourless heavy liquid (sp. gr r62) which 
is volatile (boiling point, 138° F.), and fumes when exposed to air, the 
moisture of which decomposes it, yielding hydrochloric and silicic acids— 

SiCl, -h 2HP = SiO, + 4HC1. 

Although it has received no practical application on a large scale, the 
chloride of silicon is valuable to the chemist as a convenient source of 
compounds of silicon, which could not easily be procured from the very 
unchangeable silicic acid. 

By passing hydrochloric acid over silicon heated to redness, a very remarkable 
liquid is obtain^ which is much more volatile than the chloride of silicon (boiling 
point, 108° F.), and, unlike most chlorine compounds, is inflammable, burning with 
a greenish flame, and producing silica and hydrochloric acid. It fumes strongly in 
air, and is decomposed by water, yielding hydrochloric acid, and the substance termed 
leukone. The composition of this liipiid appears to be SigH^Cl,,,, and its production 
would be represented by the equation Si., + 10H.Cl=-SigH4Cl,(, + H6. Its decomposi¬ 
tion by water would be explained by the equation— 

SijH^Clio + 5HjO = SigHgOg + lOHCl. 

Leukone. 

The chloride of boron (BCl^) is similar in its general character to the 
chloride of silicon, and is prepared by a similar process, but it is a gas 
instead of a liquid at ordinary temperatures. 


121. epdoride of nitrogen is the name usually given to the very explft- 
sive compound before referred to as being produced by the action of 
chlorine on sal-ammoniac. Its composition is somewhat uncertain; its 
explosive character rendering its exact analysis very difficult. Some 
chemists regard it as NCI,, that is, ammonia in which all the hydrogen 


has been displaced by chlorine, whilst others believe it to contain hydrogen, 
regarding it as derived from two molecules of ammonia (NH3.NHA by the 
substitution of five atoms of chlorine for five of hydrogen (NCls.NHCIa). 

It is a yellow, heavy, oily liquid (sp. gr. 1 ’66), which volatilises easUy, 
yielding a vapour of very characteristic odour, which affects the eyes. 
When Wted to about 200° F. it explodes with great violence, emitting a 
loud report and a flash of light. Its instability is, of course, attributable 
to the feeble attraction which holds its elements together; and the violence 


of the explosion, to the sudden expansion of a small volume of the liquid 
into a large volume of nitrogen, chlorine, and perhaps hydrochloric acid. 
As might be expected, its explosion is at once brought about hy contact 
with substances which have an attraction for chlorine, such as phosphorus 
and arsenic; the oils and fets cause its ei^losion, probably by virtue of 
their hydrogen; oil of turpentine explodes it with greater certainty than 
the fixed oils. Alkalies also decompose it violently; whilst acids, having 
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no action upon the chlorine, are not so liable to explode it. At 160° F. 
this substance has actually been distilled without explosion. 

Although practically unimportant, the violent explosive properties of 
this substance render it so interesting that it may be well to give some 
directions for its safe preparation. 

Preparation of chloride of rntrogm .—Dissolve 4 oz. of sal-ammoniac in 48 oz. 
(measured) of water, in a porcelain dish, at a gentle heat. Filter the solution, and 
pour it into a shallow leaden dish (A, fig. 187), previously cleaned from all grease by 
boiling a little solution of potash in it. Place in 
the solution a smaller leaden dish (H) (capacity, 

oz.), cleaned in tlie same way, and ftimished 
with a copper wire handle. 

Out off the neck of a Florence flask (by scratch¬ 
ing with a file, and leading the crack round with 
a red-hot iron), clean it by boiling a little potash 
in it, rinse it in water, and attach It to a string, so 
that it may be suspended, in an inverted position, 
upon a stand. 

When the temperature of the solution of sal-ammoniac has fallen to nearly 90* F., 
fill the Floi-ence ilask with water in the pneumatic trough, and displace the water 
by chlorine, passed up from a gas bottle free from grease. Close the flask with a 
watch-glass jdaced under the orifice, and suspend it by the string from a stand (fig. 
188), so that its mouth may be aliout an inch below the surface of the solution of 
sal-ammoniac, ami immediately over the 
centre of the small leaden dish, llemove 
the watch-glass, and let the whole arrange¬ 
ment be ])luced where the explosion can 
do no harm. The solution will soon begin 
to absorb the chlorine and to rise in the 
flask, whilst yellow oily globules form upon 
its surface, occasionally collecting into a 
larger one, which falls through the solution 
into the small leaden dish. When tlie 
flask is nearly filled with the solution which 
will require about twenty minutes, gently 
raise tbe flask, from a distance, by hooking 
the string with a wire at the end of a long 
stick, ami allow tlie solution to flow gently out of it into the leaden dish. Place 
the flask at a safe distance, lest there shoiihl be any chloride of nitrogen still clinging 
to it. Exainine the leaden dishes to see w'here the oily globules have fallen, lifting 
out the smaller dish by hooking its wire handle with a long stick. Explode the 
glohulcs from a safe distance witli a stick dipped in tnr|>entine. A good explosion 
will throw tiie solution up several feet, and will raise a large leaden dish several 
inches into tlie air, indenting it deeply at the seat of the explosion. 

Another nietliod of preparing the chloride, when it is not desired to examine it 
closcdy, but merely to witness the explasion, consists in acting u|)on sal-ammoniac 
with solution of hypochlorous acid ; hut as this docs not succeed in a leaden vessel, 
and must he performed in glaas or jiorcelain, the action should be conducted at a 
dUtance from the operator, Jest he be woundeil by the fragments of the vessel. 

Fifty grains of red oxide of mercury are very finely powdered, and thrown into a 
jiint bottle of chlorine together with 4 oz. (measured) of water. The stopper is 
replaced, and tlie bottle well slialceu, loosening the stopper occasionally, 
as long as the chlorine is absorbed. The solution of hypochlorous acid aaa 

thus produced is filtered from the residual oxychloride of mercury, and 
poured into a clean thnoxh-gla^ (fig. 189). A lump of sal-ammoniac j ""J 
weighing 20 grains is thou dropped into the solution, and the glass is 
placed in a safe situation Arhcra the explosion will do no harm. After 
the lapse of twenty minutes, the ciiloride of nitrogen may he exploded 
from a safe distance (9 feet) by touching it with a stick dipped iu Pig. 189. 
tunicntiue. The glass will be shattered into very small fragments, 
ana tUe operator will he safer behind a screen, unless protected by a fencing-mask 
and leather gloves. 

122. Aqnu regin,~~T\m name has been bestowed upon the mixture of 
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Fig. 188. 



Fig. 187. 







172 


EXTUACTION OF BROMINE. 


(1 measure of) nitric, and (3 measures of) hydrochloric acid {nitromuriaUe 
acid) which is employed for dissolving gold, platinum, and other metals 
which are not soluble in the separate acids. If a little gold leaf he placed 
in hydrochloric and nitric acids contained in separate glasses, the metal 
will remain unaffected even on wanning the acids, hut if the contents of 
the glasses he mixed, the gold will he immediately dissolved hy the 
chlorine which is liberated in the action of the acids upon each other— 

HNO* + 3HC1 = 2H,0 + NOCl, + Cl. 

Chloronitric gas. 

The chloronitrie gas which is formed does not act upon the gold, hut is 
evolved as a red gas, condensable in a freezing inixture to a dark red 
liquid. It has a very peculiar odour, and is decomposed hy contact with 
water into hydrochloric acid and nitric peroxide— 

NOCl, + H,0 = 2HC1 + NO,. 

A similar, though somewhat less volatile substance, called ehlormifrous gas 
and having the formula NOCl, is produced hy mixing 2 volumes of nitric 
oxide with 1 volume of chlorine; it condenses to a rod liquid at 0° F.; it 
is also produced in small quantity hy the action of hydrochloric acid on 
nitric acid; HNO, + 3HC1 = 2H,0 + NOCl + Cl,. 


BEOMINE, ' '* • 

Br 5= 80 parts by weight. 

123. It generally happens that elements between which any strong 
family likeness exists are found associated in nature. This remark par¬ 
ticularly applies to the three elements—chlorine, bromine, and iodine, all 
of which are found in sea water, though the first predominates to such 
an extent that the others for a long time escaped notice. Bromine was 
brought to light in the year 1826 hy Balard in the examination of bittern, 
which is the liquid remaining after the chloride of sodium and some 
other salts have been made to crystallise hy evaporating sea water, which 
contains only about one grain of bromine per gallon, in the forms of 
bromide of magnesium and bromide of sodium. It is also extracted from 
the waters of certain mineral springs, as those of Kreuznach and Kissin- 
gen, which contain much larger quantities of bromine, either as bromide 
of potassium or of sodium or magnesium. During the last few years, 
much bromine has been obtained from the mother-liquors of the salt¬ 
works at Stassfiirth, and from saline springs in the United States. 

In extracting the bromine from these waters, advantage is taken of the 
circumstance that chlorine is capable ^qf displacing laqmine from its 
combinations with the'mefSBl ^AfEeiTmost ol ’fhe other salts, such as 
cWoridS of Sodium, sulphate of soda, and sulphate of magnesia, which 
are less soluble than the bromides, have been separated from the water 
by evaporation and crystallisation, the remaining liquid is subjected to the 
action of chlorine gas, when it acquires an orange colour, due to the 
liberation of the bromine ; KBr + Cl — KCl + Br. The bromine thus 
set free exists now diffused through a large volume of water which can¬ 
not be separated from it in the usual way by evaporation, because bromine 
is itself very volatile. An ingenious expedient is therefore resorted to of 
^king the orange liquid briskly with ether, which has a greater solvent 
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power for bromine than is possessed by water, and therefore abstracts it 
from the aqueous solution ; since ether does not mix to any great extent 
with water, it now rises to the surface of the liquid, forming a layer of a 
beautiful orange colour, due to the bromine which it holds in solution. 
This orange layer is carefully separated, and shaken with solution of 
potash, which immediately destroys the colour by removing the bromine, 
leaving the ether to rise to the suriace in a pure state, and fit to be em* 
ployed for abstracting the bromine from a fresh portion of the water. 
The action of the bromine upon potash is precisely similar to that of 
clilorine— 


6 KHO + Brg = 5KBr + KBrO, + 3H,0. 

Bromide of Bromate of 
potaaalnm. potash. 

After tiro solution of potash has been several times shaken with the 
ethereal solution of bromine, and has become highly charged with this 
element, it is evaporated so as to expel the water, leaving a solid residue 
containing the bromide of potassium and bromate of jKitash. This saline 
mass is strongly heated to decompose the bromate of potash, and convert 
it into bromide of potassium—KBrOj = KBr + O 3 . 

From this salt the bromine is extracted by distilling it with binoxide of 
manganese and sulphuric acid, when the potassium is oxidised at the 
expense of the binoxide of manganese, and the bromine is liberated and 
condensed in a receiver kept cool by iced water— 

2 KBr + MnOj + 2 {Hj 0 .S 03 ) = K 3 O.SO 3 + MnO.SO, + 2H,0 + Br,. 

The aspect of the bromine so produced is totally different from that of 
any other element, for it distils over in the liquid condition, and pre¬ 
serves that form at ordinary temperatures, being the only liquid non- 
metallic elem^t. Its dark red-brown colour^ and the peculiar orange' 
colour of the vapour wliich it exhales continually, are also characteristic; 
but, above all, its extraordinary and disagreeable odour, from which it 
derives its name (^Spoi/aos, n stench), leaves no doubt of its identity. The 
odour has some slight resemblance to that of chlorine, but is far more 
intolerable, often giving rise to gi-oat pain, and sometimes even to bleed¬ 
ing at the nose. 

Liquid bromine is thrice as heavy as water (sp. gr. 2-96), and boils at 
145“ F., yielding a vapour times as heavy as air (sp. gr. 5-54). It 
may bo frozen at -12“ F. to a brown crystalline solid. It requires 33 
times its weight of cold water to dissolve it, and is capable of forming a 
ciystalline hydrate (Br.SHgO) corresponding to hydrate of chlorine. 

In its bleaching power, its aptitude for direct combination, and its 
other chemical characters, it very closely resembles chlorine—so closely, 
indeed, that it is difiicult to distinguish, in many cases, between the com¬ 
pounds of chlorine and bromine with other substances, unless the elements 
themselves he isolated. A necessary consequence of so great a similarity 
is, that very little use has been made of bromine, since the far more abun¬ 
dant chlorine fulfils nearly #all the purposes to which bromine might 
otherwise be applied. In the daguerreotype and photo^j)hic ai^ how- \ 
ever, some special applications of bromine have been dmeovered, and for ] 
some chemical opemtions, such as the detenuination of the illuminating I 
hydrocarbons in coal-gas, bromine is sometimes preferred to chlorine. It 
has also been used in America as a ^rinfectapt. The bromides of potas- 
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irium and ammonium are frequently employed in medicine. In the com¬ 
position of their compounds, chlorine and bromine exhibit great analogy. 

Hypobromous add has been obtained in solution by shaking oxide of 
mercury inth water and bromine. The solution is very unstable, decom¬ 
posing, especially when heated, with liberation of bromine and formation 
of bromic acid. The action of bromine upon diluted solutions of the 
alkalies, and upon the alkaline earths, produces bleaching liquids similar 
to those formed by chlorine. 

Bromic acid (HBrOj) can be prepared in a similar manner to chloric 
acid, to which it has a great general resemblance, the bromates being also 
similar to the chlorates. 


124, Hydrobromic add (HBr = 81 x)arts by weight = 2 vols.).—^Tho 
inferiority of bromine to chlorine in chemical energy is well exemplified 
in its relations to hydrogen, for the vapour of bromine mixed with hydro¬ 
gen will not explode under the action of flame or of the electric spark, 
like the mixture of chlorine and hydrogen. Direct combination may, 
however, be slowly induced by contact with heated platinum. 

When it is attempted to prepare this acid by distilling bromide of 
sodium or potassium with sulphuric acid (as in the preparation of hydro¬ 
chloric acid, the inferior stability of hydrobromic acid is shown by the 
decomposition of a part of it, the hydrogen being oxidised by the sulphuric 
acid, and the bromine set free; 2HBr + HjO.SOj = 2HgO + S(X + Br^. 

If a strong solution of phosphoric acid bo employed instead of the 
sulphuric, pure hydrobromic acid may bo obtained. 

But the most instructive method of obtaining hydrobromic acid consists 
in attacking water with bromine and phosphorus simultaneously, w’hen 
the phosphorus takes the oxygen of the water, forming phos?phoroiis acid, 
and the bromine combines with the hydrogen to form hydrobromic acid— 

6Hp -h Br, + - 3 H, 0 .I >,03 -f 6HBr. 

Hydrated 
pliosphorous acid. 


Probably bromide of phosphorus (PBrg) is formed as an intermaliato 
stage. 


The experiment may be made in a W-formed tube (fig. 190), one bend of which 
uontaiuB 40 grains of phosphorus in fragments intermingled with glass moistenetl 

with water, whilst the other bond contains 240 grains 
of bromine (about one dracbm). This limb of llie tulie 
is corked, and the other furnished with a deliveiy 
tube, so that the gas may be collected either by down¬ 
ward displacement or over mercury. The bromine is 
slightly heated, when it distils over to the moist phos¬ 
phorus, and hydrobromic acid is evolved. A moderate 
heat should afterwards be applied to the moist glass, 
to expel part of the hydrobromic acid from the water. 

Hydrobromic acid is very similar to hydro 
chloric acid; it liquefies at - 92° F., and has 
been solidified by a still lower temperature, 
which is not the case with hydrochloric acid. 
Like that gas itcis very soluble in water, and 
the solution acts upon metals and their oxides in the same manner as 
hydrochloric acid. Chlorine removes the hydrogen from hydrobromic 
acid, liberating bromine, which it converts into chloride of bromvm if 
employed in excess. 

Bromide of nitrogen has been obtained by the action of bromide of 



Fig. 190.—Preparation of 
hydrobromic acid. 
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potassinm upon chloride of nitrogen, which it r£l»inhleB in general 
character and explosive properties. 

CMoride of is a very volatile yellow liquid of pungent odour. 

Its catuposition is not certainly known. That chlorine should unifie 
directly with bromine, which it so much resembles in chemical character, 
illustrates its great tendency to direct chemical combination. 


IODINE. 

1=127 parts by weight. 

125. Iodine is contained in sea water in even smaller quantity than 
bromine, but the iodide of sodiiun appears to constitute a portion of the ^ 
necessary food of certain varieties of searweed, which extract it from the ' 
sea-water, and concentrate it in their tissues. The ash remaining after 
sea-weed has been burnt was long used, under the name of kelpf in soap¬ 
making, because it contains a considerable quantity of carbonate of soda; 
and in the year 1811, Courtois, a soap-boiler of Paris, being engaged in 
the manufacture of soda from kelp, obtained from the waste liquors a 
substance which possessed properties difierent from those of any form of 
matter with which ho was acquainted. He transferred it to a French 
chemist, Clement, who satisfied himself that it was really a new substance, 
and Gay-Lussac and Davy having examined it still more closely, it took 
its rank among the non-metallic elementary substances, under the name 
of iodine (m^s, violet-coloured), confeiTed upon it in allusion to the 
magnificent violet colour of its vapour. 

This history of the discovery of iodine alfords a very instructive example 
of the advantage of training persons engaged in manufactures to habits of 
accurate observation, and, if possible, of accurate chemical observation ; 
for had Courtois passed over this new .substance as accidental, or of no 
consequence, the community would have lost, at least for some time, the 
benefits derived from the discovery of iodine. 

For some years the new element was only known as a chemical 
curiosity, but an unexpected demand for it at length arose on the part of 
the physician, for it had been found that the efficacy of the ashes of 
sponge, which had long been used in some particular maladies, was due 
to the small quantity of iodine which tlicy contained, and it was, of course, 
thought desirable to place this remedy in tlie hands of the medical pro¬ 
fession in a purer form thwi the ash of sponge^ where it is associated with 
very large quantities of various saline substances. Much more recently 
the demand for this element has greatly increased, on account of its employ¬ 
ment in photography, and large quantities of it are annually produced 
from kelp, the collection and burning of which affords occupation to the 
very poor inhabitants of some parts of the coasts of Ireland and Scotland, 
who would otherwise have been thrown out of work when soda began to 
be manufactured from common salt, and the demand for kelp as the source 
of that alkali had ceased. The sea-weed is spread out to dry, and burnt 
in shallow pits at as low a temperature as possible, for the iodide of sodium 
is converted into vapour and lost if the temperature be very high.* The 
ash, which is left in a half-fused state, is broken into fragments and 
treated with hot water, which dissolves about half of it, leaving a residue, 
consisting of carbonate and sulphate of lime, sand, &c. The whole of the 

* The sea-weed is often only charred and not indnemted, so as to avoid loss of iodine. 
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iodide of sodium is contained in the portion dissolTed by the water, but is 
mixed with much larger quantities of sulphate of soda, carbonate of soda, 
chloride of potassium, hyposulphite of soda, and sulphide of sodium. A 
portion of the water is expelled by evaporation, when the sulplftite of 

soda, carbonate of soda*, and 
chloride of potassium, being 
far less soluble than the 
iodide of sodium, crystal¬ 
lise oui In order to de¬ 
compose the hyposulphite 
of soda and the sulphide of 
sodium, tlie liquid is mixed 
with an eighth of its bulk 
of oil of vitriol, which de¬ 
composes these salts, evolv¬ 
ing sulphurous and hydro- 
sulphuric acid, with de¬ 
position of sulphur, and 
forming sulphate of soda, 
which is deposited in crys- 
Pig. 191,—Extraction of iotline. tals. The llquor thus pre¬ 

pared is next mixed with 
binoxide of manganese, and heated in a leaden retort (fig. 191), placed in 
a sand-bath, when the iodine is evolved as a magnificent purple vapour, 
which condenses in the globular glass receivers in the form of daik grey 
scales with metallic lustre, and having considerable resemblance to black 
lead. The liberation of the iodine is explained by the following equa¬ 
tion— 

2NaI - 1 - MnO, + 2 (n, 0 .S 03 ) = Ka,O.SO, + MnO.SOs + 2 II 5 O I,. 

The distillation is conducted at a temperature below 212°, to avoid the 
liberation of chlorine from the chloride of sodium, and the consequent 
formation of chloride of iodine. 

Several processes have been devised to render the extraction of the iodine from the 
concentrated solution of kelp easier and more economical. The most promising is 
very similar to that employed for separating bromine (p. 172). The iodine is 
liberated by chlorine, and extracted from the Iniuid by shaking it with benzole; by 
treating the benzole with solution of potash, the iodine is converted into a mixture 
of iodide of potassium and iodate of potash, from which the iodine may be precipi¬ 
tated by aciaifying with hydrochloric acid. 

6KHO +• I. = 6KI KIO, + 3H,0 
5KI + KlOg + 6HC1 = 6KC1 + 3H,0 - 1 - 1,. 

The features of this element are extremely well marked j its metallie 
lustre and peculiar odour sufficiently distinguish it from ail others, and 
the effect of heat upon it is very striking, in first easily fusing it (at 226* 
F.), and afterwards converting it (boiling point, 347° F.) into the most 
exquisitely purple vapour, which is nearly nine times as heavy as air (sp. 
gr. 8'72), and condenses upon a cool surfat^e in shining scales.- It stains 
the skin intensely brown if handled. The specific gravity of solid iodine 
is 4-96. 

Whan iodine is shaken with cold water a very small quantity is dis¬ 
solved, foming a light brown solution, which decomposes slowly at the 
o^inary temperature, the iodine oornMning with the hydroge^ of the 
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water. Hot water dissolves a lai^r quantity, but alcohol is one of the 
best solvents for iodine, producing a dark red-brolsn solution (tincture of 
iodme) from which part of the iodine may be precipitated by adding 
water.* A solution of iodide of potassium also dissolves iodine &eely. 
Benzole and bisulphide of carbon dissolve it abundantly, producing fine 
violet-red solutimis, which deposit the iodine, if allowed to evaporate 
spontaneously, in minute rhombic octahedral crystals aggregated into very 
beautiful fern-like forms. If an extremely weak aqueous solution ot 
iodine be shaken with a little bisulphide of carbon, the latter will remove 
the iodine from the solution, and on standing, will fall to the bottom of 
the liquid, having a beautiful violet colour. By dissolving a large quan¬ 
tity of iodine in bisiilphide of carbon, a solution is obtained which is 
perfectly opaque to rays of light, though it allows heat-rays to pass freely, 
and is, therefore, of great value in physical experimenta A solution of 
iodine in bichloride of carbon is also used for the same purpose. 

Existing, as iodine does, in very minute quantity in the water from 
various natural sources, it would often be overlooked if the chemical 
analyst did not happen to possess a test of the most delicate description 
for it. 

Iodine, in the uncombined state, dyes starch of a beautiful b|ue colour, 
as may be proved by heating a grain dr‘two 6T the element with water, 
and adding to the solution a little thin starch (see p. 53), or by placing a 
minute fragment of iodine in a stoppered bottle, and suspending in it a 
piece of paper dipped in thin starch. This test, however, though sensi¬ 
tive to the smallest quantity of free iodine, gives no indication whatever 
with iodine in combination, as it always exists in nature ; in order, there¬ 
fore, to test for iodine, a little starch-paste is added to the suspected 
liquid, and then a drop of a weak solution of chlorine, which will set free 
the iodine, and cause the production of the blue colour. Characters 
written on paper with a brush dipped in a mixture of iodide of potassium 
and starch, are brought out in blue by pouring a little chlorine-gas upon 
them. It is necessaiy, however, carefully to avoid adding too much chlo¬ 
rine, since it would immediately destroy the colour of the iodised starch. 
Alkalies also bleach it, and the colour of a mixture of the iodised starch 
with water is removed by heating, but returns in great measure when the 
solution cools. 

Though very closely connected with chlorine and bromine in its gene¬ 
ral chemical relations, there are several points in the history of iodine which 
cause it to stand out in mai ked contrast by the side of these elements. The 
attraction which binds it to hydrogen and the metals is certainly weaker 
than that exerted by chlorine and bromine, so that either of these is cap¬ 
able of displacing it from its compounds, and its bleaching properties are 
very feeble. On the other hand, it exhibits a more powerful tendency to 
unite with oxygen, for boiling nitric acid converts it into iodic acid (IjOj), 
though this oxidising agent would not affect chloriae or bromine. 

Softie of the comMunds of iodine with the metals are remarkable for their beautlftil 
colours. The iodide of menreury, produced by mixing solutions of iodide of potassium ^ 
and chloride of mercury, forms a fine*Bcarlet precipitate, which dissolves in an excess 
of iodide of potassium to a colourless solution. 

If this iodide of mercury be collected on a filter, washed and dried, it will be 
found, on heating a portion of it in a test-tube, that it acquires a fine yellow colour 
and sublimes in golden yellow ciystals, which resume tiie original red colour when 
rubbed with a ^asa rod. If it be spread upon paper and mntly heated, the scarlet 
iodide becoines yellow, but the red colour returns on rubbing it with the thnmb- 

u 
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naB. These ohanme of coloor are attended by an alteration in cryi^Uine fonn, bnt 
not in the chemiou composition of the iodide of mercury. This iodide is uMd in 
painting under the name of pure mirlet or iodine scarlet, but the colour is^not 
durable. 

Iodide of lead has a bright yellow colour, as may be seen by precipitating iodide 
of potassium with a solution of acetate of lead. The precipitate is dissolred by 




less solution, from which the iodide of lead crystallises in very biilliaut golden scales 
on cooling. Iodide of silver is produced as a yellow precipitate when nitrate of silver 
is added to iodide of potassium. The'bromide ana chloride of silver would form 
white precipitates. 

126. Oxides of iodine .—Although the compound 1,0, corresponding to 
hypochlorous acid, is believed to exist, it has never yet been obtained in 
a separate state, the only known oxides of iodine being iodic acid (1*0,) 
and periodic acid (1,0^ 'i) which has only been obtained in the hydrated 
state. 

Iodic acid .—It is most easily prepared by boiling iodine with the 
strongest nitric acid in a long-nocked flask, when it is dissolved in the 
form of iodic acid which is left on evaporating the nitric acid, as a white 
maas. This may he purified by dissolving in water and crystallising, 
when the iodic acid forms white hexagonal tables, which have the com¬ 
position H,0.Ijj05.2Aq. Heated to 26C“ T., they become H./).I,Ob, and 
at 360° r. the whole of the water is expelled, leaving anhydrous iodic acid, 
which is decomposed at about 700° F. into iodine and oxygen. The 
anhydrous iodic acid oxidises combustible bodies, hut not with any 
great violence. The hydrate is far more stable tliau the hydrated 
chloric and bromic acids. Its solution first reddens litmus paper, and 
afterwards bleaches it by oxidation. Its salts, the iodatcs, are less 
easily soluble in water than the chlorates and bromatos. which they 
resemble in their oxidising action upon combustible bodies. They are 
all decomposed by heat, evolving oxygen, and sometimes even iodine, 
showing how much inferior this element is to chlorine and bromine in its 
attraction for metals. 

It is a remarkable featnro of the iodates, that some of them contain two 
or even three molecules of iodic acid to one of base. Thus there are 
three iodatcs of potash, K/l-IjOj (or KIO,) 1^,0.21,05, and K^O.SIjOj. 
Ho such compounds are known in the cases of chloric and bromic acids. 

Periodic acid is obtained from the basic periodate of soda formed by passing 
chlorine through a mixture uf iodate of soda and free soda, when the latter is decom¬ 
posed, its sodium being abstracted by the chlorine, whilst its oxygen converts the 
iodic acid into periodic acid— 

Na, 0 .I ,05 + 8Na,0 + Cl^ = 2Na,f).I,0, + 4Naa. 

Hoslc perlodnte of 
soda. 

This periodate of soda is deposited, being sparingly soluble in water, a most 
unusual circumstance with salts of soda. By dissolving it in nitric acid, and adding 
nitrate of silver, a basic periodate of .silver is obtained, which is yellow when precipi¬ 
tated from cold, and red from hot solutions— • 

2Na,0.I,0, + 4(AgN0,) = 2Ag,0.L0, + 4(NaN0,). 

®"‘Xer Ntoteofsoda. 

When the silver salt is dissolved in nitric acid, it is decomposed into nitrate of 
silver, which remains in solution, and neutral periodate of silver, which is deposited 
in crystals-— 

2Ag,OJjjO, + = AgjO.I.O, + Ag,0.N,0, -i- H,0. 
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Wben nentral periodute of silrer is boiled with water, it again jrields the insoluble 
basic periodate or silver, and hydrated periodic acid is found in the solution— 

2(Ag,O.IjO,) + H,0 = 2AgjO.IO, + H,0.1,0y. 

On evaporating the solution, the hydrated periodic acid is de{Kmited in prismatic 
crystals having the commsitiou H,O.I,Of.4Aq,which lose their water at a^ut 820” 
F., and ore decomposed into iodfc acid and oxygen at 400** F. The solution of 
periodic add, of course, exhibits oxidising properties. 

The periodates are remarkable for their simring solubility in water ; they are easily 
decompos^ by heat, like the iodates. It will have been remarked, in the above 
account of the preparation of periodic acid, that this acid exhibits a great tendency 
to the formation of basic salts, whilst iodic acid is remarkable for its acid salts. 

127. Hydriodic acid (HI = 128 parts by weight = 2 vols.).—Iodine 
vapour combines with hydrogen, under the influence of heated platinum, 
to form hydriodic acid gas. The gas is best prepared by decomposing 
water with iodine in the presence of phosphorus, so as to produce hydri¬ 
odic acid and phosphoric acid, which is allowed to act upon iodide of 
potassium in order to produce more hydriodic acid— 

8H,0 I,„ P, - JOHI -t- SHp.Pp^and 

4Kl + 3H,O.P,(), = 4HI + 2K,O.Hp.Pp,. 

riioaphate of potaslt. 


100 grains of iodide of potassium are dissolved in 50 grains of water in a retort 
(ilg. 192), and 200 grains of iodine are added ; when this has dissolved, 10 grains 
of phosphorus are introduced, and the mixture 
heated very gradually, the gas being collected 
by downward displacement in stoppered bottles, 
which must 1)0 placed in readiness, as the gas 
eomes off very rapidly. These quantities will 
fill four pint bottles with the giis. 



Fig. 19:i 


Preparation of hydriodic 
acid. 


Hydriodic acid gas is very similar in 
its properties to hydrochloric and hydro- 
bromic acids, fuming strongly in flioist 
air, very readily absorbed by water, lique¬ 
fied only under strong pressure, and soli¬ 
dified by extreme cold. It is much 
heavier, its specific gravity being 4‘44. 

If a bottle of hydriodic acid gas be placed in contact with a bottle 
containing chlorine or bromine vapour diluted with air (fig. 149), 
it will be instantly decomposed, with separation of the beautiful violet 
vapour of iodine. 

The aqueous solution of hydriodic acid is most conveniently prepared 
by passing hydrosulphuric acid gas tlirougb water in which iodine is sus¬ 
pended, HjS + Ij = 2HI 4- S, the separated sulphur being filtered off, 
and the solution boiled to expel the excess of hydrosulphuric acid. 
Solution of hydriodic acid diflers greatly from hydrochloric and hyffro- 
bromic acids, in being decomposed by exposure to air, its hydrogen being 
oxidised and iodine separated, wliich dissolves in the liquid and renders 


it brown. 

This tendency of the hydrogen of hydriodic acid to combine with 
oxygen renders that acid a powerful reducing agent. It is even capable 
of converting hydrated sulphuric acid into hydrosulphuric acid— 


H,0.S03 SHI = H,S 4HaO -k 

so that when iodide of potassium is heated with concentrated sulphuric 
acid, hydrosulphuric acid is evolved in considerable quantity. 
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The action of hydriodic acid upon the metals and their oxides is gene¬ 
rally similar to that of the other hydrogen acids. 

’’^en potassium is heated in a measured volume of hydriodic acid, the 
iodine is removed, and the hydrogen occupies half the original volume. 
Hence 1 volume of hydrogen is combined with 1 volume of iodine vapour 
in 2 volumes of hydriodic acid. 

Like chlorine and bromine, iodine is capable of displacing hydrogen 
from many organic compounds, and of taking its place, but its action in 
this respect is much feebler. The circumstance tliat the organic com¬ 
pounds containing iodine are generally much less volatile, and therefore 
more manageable than those of chlorine and bromine, leads to the exten¬ 
sive employment of this element in researches upon organic substances. 

With olefiant gas, iodine forms a crystalline solid compound (C^H^I,) 
corresponding to Dutch liquid (p. 92), and from this compound a yellow 
unstable aromatic liquid has been obtained, which is believed to bo an 
iodide of carbon. 

128. Iodide of nitrogen. —The action of clilorine, bromine, and iodine 
upon ammonia, exemplifies the difference in their attraction for hydrogen; 
for whilst chlorine and bromine, acting upon ammonia, cause the libera¬ 
tion of a certain amount of nitrogen, iodine simply removes two-thirds of 
the hydrogen, and itself fills up the vacancies thus occasioned, no nitrogen 
being liberated, NHg + = NHI, + 2HI; the hydriodic acid thus formed 
combining with more ammonia to form hydriodate of ammonia. 

To prepare the iodide of nitrogen, 20 grains of iodine arc rubbed to powder in a 
mortar and mixed with half an ounce (measured) of strong ammonia; the mortar 
is covered with a glass plate, and after about half an hour tne iodide of nitrogen is 
collected in separate portions upon four filters, which are allowed to drain and 
spread out to dry. The brown solution contains iodine dissolved in hydriodate of 
ammonia. 

The iodide is a black powder, which explodes with a loud report even 
when touched with a feather, omitting fumes of hydriodic acid and purple 
vapour of iodine; its explosion is probably represented by the equation ~ 

JN'HIg = jS + HI I, 

its violence being accounted for by the sudden evolution of a largo volume 
of gas and vapour from a small volume of solid. Even w^heu allowed to 
fall from the height of a few feet upon the surface of water, it explodes if 
perfectly dry. In the moist state it slowly undergoes decomposition. 

129. Iodine forms two compounds with chlorine, the protochlonde of 
iodine (ICl) and the terchloride (IClg). The former is a brown volatile 
liquid of irritating odour, obtained by distilling 1 part of iodine with 4 
parts of chlorate of potash. 

The terchloride forms fine red needle-like crystals, and is produced when 
iodine is acted upon with an excess of chlorine. Bromides of iodine have 
also been obtain^, but their composition is not well known. 

130. Iodide of potassium (KI =166 parts by weight). This salt is 
the most useful compound of iodine, being largely employed in medicine 
and in photography. It is generaEy prepared by decomposing iodide of 
iron with carbonate of potash. 

The iodide of iron (also a useful medicine) is made hy placing two 
parts of iodine in contact with one part of iron filings and ten pa^ of 
water. The iodine combines with part of the iron, evolving considerable 
heat, and producing the iodide of iron (Fel»)- 
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The liquid ia decanted from the excess of iron, and one-third of the 
weight of iodine previously employed is dissolved in it. In this way, two- 
thirds of the iodide of iron are converted into per-iodide (Fe^t,), so that 
the solution contains a mixture of one molecule of the iodide (Felj) and 
one of the per-iodide (Feglj). It is now boiled, and carbonate of potash 
is gradually added as long as it causes a dark green precipitate of magnetic 
oxide of iron— 

Fel, -f. Fe,I« + 4(K,0.C08) - SKI + FeO.Fe^Oa + 

the carbonic acid is evolved with effervescence, and if the solution be 
filtered and evaporated, it deposits beautiful cubical (or sometimes octa¬ 
hedral) crystals, which are generally milk-white and opaque, but occa¬ 
sionally quite trajisparent. Pure iodide of potassium remains dry in 
ordinaiy air, but if an excess of carbonate of potash is employed in its 
preparation, the crystals retain some of that salt and become damp when 
exposed to air. The iodide of potassium dissolves easily in water and 
alcohol. If the solution be pure, it does not become coloured when mixed 
with pure hydrochloric acid; but if any iodate of potash be present in 
it, a browni.sh colour will be produced, duo to iodine liberated in the 
action of the iodic acid upon the hydriodic acid; I^Oj + lOHI = I,, + 5HjO. 
'J'he iodate of potash is liable to bo present in those specimens which are 
prepared by dissolving iodine in potash, to obtain a mixture of iodide of 
potassium and iodate of potash (see p. 176), the latter salt being after¬ 
wards decomposed by heat. 


FLUORINE. 

F = 19 parts by weiglit. 

131. The most omamcntal mineral substance occurring in any abun¬ 
dance in this country is known as ^finor qxirov Dcrhi/aliire spar (finonde 
of calcium), aud is found with several beautiful shades of colour—blue, 
purple, violet, or green, and sometimes perfectly colourless, either in large 
masses, or in crj'stals, which have the form of a cube or of some solid 
derived from it. The use of this mineral as a flux in snuffling ores dates 
from a very remote period, and from this use the name fluor appears to 
liave been originally derived, but we have no record of its chemical ex¬ 
amination till about a century since, when Margraf found liis glass retort 
])owerfulIy corroded in distilling this mineral with sulphuric acid, and 
8cheele soon after announced that it contained lime and Jiaoric acid ; but 
though this chemist had fallen into the 
error to which analysts are continually 
liable, of mistaking ])roducts for cducts, 
his experiments, as they were afterwards 
perfected by (lay-Lussac and Thenard, 
deserve particular consideration. 

132. Utfdwflmrlc freni~(HF ~ 20 
parts by weight).—If powdered fluor spar 
be mixed with twice its weight of oil of 
vitriol, and heated in a leaden retort 
(fig. 193), the neck of which fits tightly 
into a leaden condensiug-tube, cooled in a mixture of ice and salt, a 
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colourless liquid distils over, and the residue in the retort is found to 
consist of sulphate of lime—* 

CaF, + H,0.S03 = CaO.SOg + 2HF. 

SulplvatcofUmc 

The colourless liquid (hydrofluoric acid) possesses most remarkable pro¬ 
perties ; it is powerfully acid, fumes strongly in the air, and has a most 
pungent irritating odour. If the air is at all warm the liquid begins to 
boil when taken out of the freezing mixture, and is soon entirely dissi¬ 
pated in vapour (boiling point, 60° F.) Should the operator have ^e mis¬ 
fortune to allow a drop to Ml upon his hand, it will produce a very pain¬ 
ful sore, even its vapour producing pain under the finger nails. Its 
attraction for water is so great, that the acid hisses Uke red-hot iron when 
brought in contact with it. But its most surprising property is that of 
rapidly corroding glass, which has already been alluded to as noticed by 
Margraf. Experiment soon proved that great analogy existed between 
the properties of this new acid and those of hydrochloric acid; and 
AmpJjre was led to institute a comparison between thorn, which caused 
him to adopt the opinion that the acid was a hydrogen acid, containing a 
new salt radical which he named fluorine; the name of the acid was then 
changed from fluoric to hydrofluoric acid. 

This liquid has since been proved to be a solution of hydrofluoric acid 
in water, for if it be distilled with anhydrous phosphoric acidi which 
retains the water, it evolves hydrolluoric acid gas, which resembles hydro¬ 
chloric acid gas in fuming strongly on contact with moist air, and being 
eagerly absorbed by water, but has a far more pungent odour. The peiv 
fectly dry gas has very little action upon glass. 

Pure hydrofluoric acid is prepared by heating dry hydrofliuite of potas- 
dum (KF.HF) to redness in a platinum apparatus. It is then obtained 
as a colourless liquid which boils at 67° F. and has the specific gravity 
0’988 at 65° F. The pure acid scarcely affects metals, excepting potas¬ 
sium and sodium. It coiTodes glass, however, rapidly, though its vapour 
has little action on glass unless moisture is present. It combines eagerly 
with anhydrous sulphuric and phosphoric acids, with great evolution of 
heat, a circumstance in which it resembles water, and dillers altogether 
from its more obvious analogue, hydrochloric acid. It is also found that 
it combines energetically with the fluorides of potassium and sodium, 
precisely as water combines with the oxides of those metals, whilst nothing 
of the kind is noticed in the case of hydrochloric acid. 

It is remarkable that the solution of hydrofluoric acid, in its concen¬ 
trated form, is not so heavy as a somewhat weaker acid. Thus, the acid 
of sp. gr. 1*06 acquires the sp. gr. 1’15 on addition of a little water, but 
on adding more water its sp. gr. is again reduced- It would hence appear 
that the acid of 1 *15 is a definite hydrate of hydrofluoric acid ; its com¬ 
position corresponds to HF.2HjO. It distils unchanged at 248° F. 
The solution is generally kept in bottles made of gutta-percha. 

The action of hydrofluoric acid upon metals and their oxides resembles 
that of hydrochloric acid. It dissolves all^rdinary metals except gold, 
platinum, silver, merciuy, and lead. Strange to say, it has but Httle 
action on magnesium. 

* The mineral kryolite (flaoride of aluminum and aodium) may be advnnta^ously subati- 
tuted for fluor spar, being more easily obtained in a pnre state. For prepaid the add on 
a large scale, iron retorts are employed. 
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The property which renders this acid so useful to the chemist is its 
power of dissolving silica even in its most refractory form. When sand 
or flint reduced to powder is digested in a leaden or platinum vessel with 
hydrofluoric acid, it is gradually dissolved, and if the solution he evapo¬ 
rated, the whole of the silica will he found to have disappeared in the 
form of gaseous fluoride of silicon; SiOj + 4HF = biF^ + 2HjjO. If 
the silicic acid he combined with a base, the metal will he left as a fluo^ 
ride, decomposable by sulphuric or hydrochloric acid. This renders 
hydrofluoric acid a most valuable agent in the analysis of the numerous 
mineral silicates which resist the action of other acids. 

The corrosion of glass by hydrofluoric acid is now easily explained. 
Ordinary glass consists of silicate of soda or potash combined with silicate 
of lime or oxide of lead. The hydrofluoric acid attacks and removes the 
silica, and thus eats its vray into the glass. 

lu order to demonstrate the action of this acid upon glass, a glass plate is wanned 
sntliciently to melt wax, a xiiece of wliich is then ruhbed over it, until the glass is 
covered with a thin and pretty uniform coating. Upon this a word or drawing may 
he engraved with a sharp point so that the lines shall expose the glass. A mixture 
of powdered floor spar with concentrated sulphuric acid is then poured over it, and 
allowed to remain for a quarter of an hour ; the acid mixture is washed off, and the 
plate gently wanned to melt the wax, whieli may he wiped oil’ with a little tow, 
when it will be found that the hydrofluoric acid evolved from the mixture has cor¬ 
roded those portions of the glass from which the graver had removed the wax. It 
has been attempted to apply this process to the production of engravings, but the 
brittleness of the plate has formed a very serious obstacle. 

If a leaden or platinum dish be at hand, it is better to place the glass to be etched 
over the dish containing the mixture of floor spar aud sulphuric acid exposed to a 
very gentle lieat. 

The solution of hydrofluoric acid etches glass without deadening the 
surface as is the case with tlie vapour, but a solution of fluoride of potas¬ 
sium or ammonium mixed with sulphuric acid docs produce a dead sur¬ 
face and is much used for engraving on glass. 

JSlany ingenious experiments have been made in order to obtain fluorine 
in the separate state, but it was found that it invariably combined with 
some portion of the material of the vessel in which the operation was 
conducted. The most successful of the early attem])ts to isolate fluorine 
appears to have been made, at the suggestion of Davy, in a vessel of 
fluor spar itself, which could not, of course, be supposed to be in any way 
aflected by it. A greenish gas was obtained, possessing chemical proper¬ 
ties similar to those of chlorine, but of much higher intensity. The dilfi- 
* culty, however, of obtaining vessels of fluor spar adapted to these 
experiments appears to have prevented any complete investigation of this 
most interesting element. 

, The most recent experiments, in which fluoride of silver was decom¬ 
posed by iodine, furnished a fluoride of iodine (IFj) and iodide of 
silver. 

Solutions of the fluorides of potassium and the other alkali metals cor¬ 
rode glass slowly like hydrofluoric acid. These fluorides are capable of 
combining with tho acid; thus fluoride of potassium forms KF.HF, which, 
when dry, is a convenient source of hydrofluoiic acid gas when moder¬ 
ately heated. The only fluoride possessed of much practical interest beside 
the fluoride of calcium is the mineral kryolite (KpvoSf frost), wliich is a 
double fluoride of aluminum and sodium (SN^.AlFa) found abundantly 
in Greenland, and valuable as a source of aluminum and soda. The topaz 
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contains jfluorine, but in wbat form of combination is not well known j its 
other constituents are alumina and silica. 

Fluorides are also found, though in very small quantity, in sea water, 
and they have been discovered in plants and animals. Human bone con¬ 
tains about 2 per cent, of fluoride of calcium. 

It will be remembered that fluorine is the only element which is not 
known to form any compound with oxygen. 

133. Fliioride of silicon (8^’^= 104 parts by weight = 2 vols.).—If a 
mixture of powdered fluor spar and glass be heated, in a test-tube or 
small flask, with concentrated sulphuric acid, a gas is evolved which has 
a very pungent odour, and produces thick white fumes in contact with 
the air; it might at first be mistaken for hydrofluoric acid, but if a glass 
rod or tube be moistened with water and exposed to the gas, the wet sur¬ 
face becomes coated with a white film, which proves, on examination, to 
be silicic acid. This result originated the belief that the gas consisted of 
fluoric (now hydrofluoric) acid and silica, but Davy corrected this view 
by showing that it really contained no oxygen, and consisted solely of 
silicon and fluorine. The gas is now called the fluoride of silicon, and 
represents silicic acid in which the oxygen has been displaced by tlte 
fluorine ; the cliange of places between these two elements in the above 
experiment is represented by the subjoined equation— 


2CaF, 

Flaor 

6pBr. 


- 1 - 


SiO, 

Silica. 


2(H,O.SO,) 

Suiphnric add. 


2(Ca0.80,) 

Sulphate of lime. 


-1- SIR -i- 211.,O. 


Klnorlde of 
silicon. 


The formation of the crust of silica upon the wetted surface of the glass 
is due to a decomposition which takes place between the fluoride of silicon 
and the water, in which the oxj'gen and fluorine again change places— 


siF, + 2H,o - sio., -t. 4nr. 


Since this latter equation shows that hydrofluoric acid is again formed, 
it would be expected that the glass beneath the deposit of silica would be 
found corroded by the acid; this, however, is not the case, and when the 
experiment is repeated upon a somewhat larger scale, so that the water 
which has acted upon the gas may bo examined, it will be found to hold 
in solution, not hydrofluoric acid, but an acid which does not act upon 
glass, and is composed of hydrofluoric acid and fluoride of silicon, so that 
the hydrofluoric acid produced when water acts upon the fluoride, com¬ 
bines with a portion of the latter to produce the now acid 2HF.SiF^, 
hydroflm-silicic acid. 


For the preparation of fluorid^ of silicon, 1 oz. of fluor spar and I oz. of jjowdered 
glass are mixed together, and heated, in a Florence flask, with 7 oz. (measured) of 
oil of vitriol, the gas being collected in dry bottles by downward displacement (see 
flg. 177, p. 153. If a little of the gas be poured from one of the bottles into a flask- 
tilled up to the neck with water, the surface of the latter will become covered with 
a layer of silica, so that if the flask be quickly inverted, the water will not pour from 
it, and will seem to have been frozen. In a similar manner, a small tube tilled 
with water and lowered into a bottle of the gas, will appear to have been frozen 
when withdrawn. A stalactite of silica some inches in length may be obtained by 
allowing water to drip gently from a pointed tube i^jto a bottle of the gas. Characters 
written on glass with a wet brush are tendered opaqne by pouring some fluoride 
of silicon upon them. 

Fluoride of silicon is a substance of some importance in minoralo^cal chemistiy, 
since, by its aid, certain crystallised minerals may he artificially obtamed under con¬ 
ditions which are not unlikely to have attended the production of the natural crystals. 
Thus, the mineral staurotide or atawrolitf {mufit, a cross), or gramtite or (ross-stone, 
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a naturally crystallised compound of alumina and silicic acid, may be obtained by the 
action of fluoride of silicon upon alternate layers of alumina and silica, heated to 
whiteness in a trarcelain tube. The fluoride of silicon, acting upon the heated 
alumina, gives siucate of alumina and fluoride of alu minu m— 

SAlgOj + 38iF, = AljOj.aSiOj + 2AlaF,, 

the newly-formed fluoride of aluminum, passing over a heated layer of silica, produces 
more silicate of alumina, regenerating fluoride of silicon— 

6SiO, + 2A1,F, = 2(Al,03.SiO,) + 3SiF„ 

so that a given quantity of the fluoride of silicon will convert an indefinite quantity 
of silica and alumina into the crystallised staurolitc. It appears probable that other 
crystallised minerals have been fonued in a similar manner, by the action of minute 
quantities of such agents of transformation. The frequent occurrence of minute 
qirautities of fluorides in various minerals may thus have great significance. 

134. Hydrvfluo-silidc acid or mlico-fluoric acid (2HF.SiF4= 144 parts 
by weight).—This acid is only known in the form of a solution, which is 
obtained by passing fluoride of silicon into water— 

SSiF^ + 2 H 4 O = 2(2IIF.SiF4) afirf) + SiOg. 

The gas must not be passed directly into the water, lest the separated 
silica should stop the orifleo of the tube, to prevent which, the latter 
should dij) into a little mercury at the bottom of the water, when each 
bubble, as it rises through the mercury into the water, will become sur¬ 
rounded with an envelope of gelatinous silica, and if the bubbles be very 
regular, th^y may even funn tubes of silica extending through the whole 
height of the water. 

For preparing Lydroflno-silicic acid it will be. found convenient to employ a gallon 
stoneware bottle (fig. 194), furnished with a wide tube dipping into a cup of mercury 
placed at the bottom of the water. 

1 lb, of finely powdered lluor spar, 

1 lb. of fine sand, and 64 measured 
ounces of oil of vitriol, are introduced 
into the bottle, which is gently heated 
upon a siind-bath, the gas being 
passed into about 5 pints of water. 

After 6 or 7 hours tin* water will 
have become iHi.sty, from the separa¬ 
tion of gelatinous silica. It is poured 
upon a filter^ and when the liquid 
has drained through os far as iios- 
sible, the filter is wrang in a cloth 
to pxti*act the remainder of the acid 
solution, which will have a tp. gr. 
of about 1 ‘078. 

A dilute solution of hydrottuo- 
silicic acid may be couceutrated 
by evaporation up to a certain 

point, when it begins to decom- Pjg jqj —Preparation of hydrofluo-silicie 
pose, evolving fumes of fluoride add. 

of silicon, hydrofluoric achl re¬ 
maining in solution and volatilising in its turn if the heat be continued. 
Of course the solution corrodes glas.s and porcelain when evaporated in 
them. If the solution of hy<lrofluo-silicic acid be neutralised with potash, 
and stirred, a very characteristic crystalline precipitate of silico-fluoride of 
potassium is formed— 

SHF.SiF^ + 2KUO "■ 2KF.SiF4 {i^Hto-jiuwuk ofpotnmum) 4 - 2HgO, 
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Bat if an excess of potash be employed, a precipitate of gelatinous sUiea 
■will be separated, fluoride of potassium remaining in the solution— 

2HF.SiF4 + 6 KHO = 6 KF + 4H,0 + SiO,. 

One of the chief uses of hydrofluo-silicic acid is to separate the potash 
from its combination with certain acids, in order to obtain these in the 
separate state. 

136. Flumnde of boron (BFg) may be prepared by a process similar to 
that employed for fluoride of silicon, but it is also obtained by strongly 
heating a mixture of powdered anhydrous boracic acid "with twice its 
weight of fluor spar in afl iron tube— 

SCaFs + B.O, = 3CaO + 2 BF 3 . 

The fluoride of boron is a gas which fumes strongly in moist air like 
the fluoride of silicon. It is absorbed eagerly by water, with evolution of 
heat. One volume of water is capable of dissolving 700 volumes of 
fluoride of boron, producing a corrosive heavy liquid (sp. gr, 1*77) which 
fumes in air, and chars organic substances on account of its attraction for 
water. This solution is known as fimhoric or horofluoric acid, and its 
formation is explained by the equation— 

2 BF 3 + 3H*0 = B. 2 OJ. 6 IIF (Fluoboric acid), 

When the solution is heated, it evolves fluoride of boron until its 
specific gravity is reduced to 1 "58, when it distils unchanged. 

ffydrojfmboric acid is obtained in solution by adding a large quantity 
of water to fluoboric acid— 

4(B,03.6HF) = BsO, + 9H*0 + G(HF.BF 3 ) (IJijdrofluoborif acid), 

This acid resembles the hydrofluo-silicic; its hydrogen may be ex¬ 
changed for metals to form horqfltiorkles, 

136. General review of chlorine, bromine, iodine, and fluorine. —These 
four elements compose a natural group, the members of which are con¬ 
nected, by the similarity of their chemical inopertics, far more closely than 
those of any other group of elements. The)'- are usually styled the 
hxdogene, from their tendency to produce salts resembling sea-salt in their 
composition (aXs, ihe ^ea), and such salts are called haloid mite. These 
elements are also called salt-radicals, from their property of forming salts 
by direct union with the metals. Each of these elements combines with 
an equal volume of hydrogen to form an acid which occupies the joint 
volumes of its constituents. 

The equivalent weights of these elements also represent their atomic 
weights, so that they are decidedly mon-atomic elements. 

The halogens also supply the most prominent example of the gradation 
in properties sometimes observed among the members of the same natural 
group of elements. 

In the order of their chemical energy, that is, of the force with winch 
they hold other elements in chemic^ combination "with them, fluorine 
should stand first, its combining energy being so great as to cause a serious 
difficulty in isolating it at all; dhlorine would rank next, then bromine, 
and iodine last. 

The atomic weights follow the inverse order of thoir chemical energies: 
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fluorine, 19; chlorine, 35-5; bromine, 80; iodine, 127;—numbers which, 
of course, also represent their relative specifLc gravities in the state of 
vapour. 

A similar gradation is observed in the physical state and colour of those 
three which are well known; chlorine being a yellow gas, bromine a 
liquid, boiling at 145° F., and iodine a black solid, boiling at 347° F. 

Even in the exceptions wliich occur to the order of chemical energy 
above alluded to, the same progression is noticed; thus fluorine has so 
little attraction for oxygon that no oxide is known, chlorine has less 
attraction for oxygen than bromine (chloric acid being less stable than 
bromic), whilst bromine has less than iodine, which is said to be capable 
even of uniting directly with ozonised oxygen to form iodic acid. 

The compounds of these elements with hydrogen are all gases distin¬ 
guished by a powerful attraction for moisture and great similarity of 
odour. 

f Their potassium-salts all crystallise in the same (cubical) form. 

The fluoride of silver is deliquescent and soluble in water; the chloride 
is insoluble in water, but dissolves very easily in ammonia; the bromide 
dissolves with some difliculty in ammonia; and the iodide is insoluble. 

SULPHUll. 

S = 32 parts by weight = 1 volume (at 1900* F.) 

137. Sulphur is remarkable for its abundant occurrence in nature in 
the uncombiiied state, in many volcanic districts. It is also found, as 
sulphuretted hydrogen, in many mineral waters, and very abundantly in 
combination with metals, forming the numerous ores known as mlpItureU 
or mlxihidesy of which the following are the most abimdant:— 

Iron pyrites, Bisulphide of iron, FeSj 

Copper pyrites, Snlpltide of iron and copper, CujS.Fe«Sj 

Galena, Suljdnde of lead, PbS 

Blende, Sulphide of zinc, ZnS 

Crude antimony, Sulphide of antimony, 

Cinnabar, ' Sulphide of mercury, HgS. 

Sulphur is plentifully distributed also, in combination with oxygen and 
•a metal, in the form of suIjiJiates, of which the most conspicuous are:— 

/'Gypsum, Sulidiate of lime, CaO.SO 3 . 2 HjO 

. Heavy spar, Sulphate of baryta, BuO.SOj 

Celestinc, Sulphate of strontia, "^SiO.SOj 

^Kpsom salts, «JSuIphate of magnesia, ^MgO.SOj.THjO 

y Glauber’s salt, Sulphate of soda, ^ NajO.SO 3 . 10 HjO. 

In plants, sulphur is also found in the form of sulphates, and as a cou- 
stituent of the vegetable albumen (of which it forms about 1 *5 per cent.) 
present in the sap. It is also contained in certain of the essential oils 
remarkable for their peculiar pungent odour, such as— 

Essence of garlic, 

Essence of mustard, ^ 54115 !? S. 

In animals, sulphur occurs sulphates, as a constituent of albumen, 
fibrine, and caseine (in neither of which does it exceed 2 per cent); and 
in bile, one of the products from which (taurine, CjH^OjS) contains 26 
per cent, of sulphur. 

For our supplies of sulphur we are chiefly indebted to Sicily, where 
large quantities of it are found in an uncombined state in beds of bine 
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clay. Magnificent crystalline masse-s of sulphate of strontia are often 
found associated with it; the sulphur itself sometimes occurs in the 
form of transparent yellow octahedra, hut more frequently in opaque 
amorphous masses. The districts in which sulphur is found are usually 
volcanic, and those wliich border the Mediterranean are particularly rich 
in it. Sulphur has also been found in Iceland and California. 

The mtive sulphur being commonly distributed in veins through masses 
of gypsum and celestine, has to be separated from these by the action of 
heat. When the ores contain more tlian 12 per cent, of sulphur, the bulk 
of it is melted out, the ore being thrown into rough furnaces or cauldrons 
with a little fuel, and smothered up with earth, so as to prevent the com¬ 
bustion of the sulphur, which runs down in the liquid state to the bottom of 
the cauldron, and is drawn out into wooden moulds.* But when the propor¬ 
tion of sulphur is small, the ore is heated so as to convert the sulplnir into 
vapour, which is condensed in another vessel. The operation is conducted 
in Sicily in rows of earthen jars (A, fig. 195), heated in a long furnace, 



Py. lOfi.—Distillation of sulphur. 


juid provided with short lateral }»ipos, which convey the sulphur into 
similar jars (B) standing outside the furnace, in which the va])our of sul¬ 
phur condenses in the liquid state, and flows out into pails of water. The 
sulphur obtained by this process is importcil as romjh snlphvr, and eon- 



Fig. 196.—Sulphur refinery.' 


lAins 3 or 4 per cent, of earthy impurities. In order to separate these it 
is redistilled, in this country, in an iron retort (A, fig. 196), from which 

* High pressure steam has been applied with advantage for melting the sulphur out of 
tbeors;, whksh are enclosed in an iron vessel. 
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the vapouT is conducted into a large brick chamber (B), upon the sides of 
which it is deposited in the form of a pale yellow powder (Jlovmrs of md- 
phuTt or mtUimed mlpliur). When the operation has been continued for 
some time the walls of the chamber become sufficiently hot to melt the 
sulphur, which is allowed to collect, and afterwards ctwt in wooden 
moulds, forming roll sulphur or hrimstme. Distilled sulphur is obtained 
by allowing the vapour to pass from the retort into a small receiving- 
vessel (C) cooled by water, where it condenses in the liquid state; this 
variety of sulphur is preferred for the manufacture of gunpowder, for 
reasons which will bo stated hereafter. 


Sulphur is readily distilled on a small scale in a Florence flask (fig, 197), another 
flask cut off at the neck (see p. 171) being employed 
as a receiver. The flask containing the sulphur 
should bo supported npon a thin iron wire triangle, 
and heated by a gauze-burner, at fli'st gently, and 
afterwards to the full heat. Flovrers of sulphur 
win at first condense in the receiver, and will be 
followed by distilled sulphur when the temperature 
, increases. A slight explosion of the mixture of 
sulphur vapour and ^ir mayTake place at the com¬ 
mencement of the distillation. An ounce of sulphur 
may be distilled in a few minutes. 



Fig, 197. —Distillation of 
.sulphur. 


We are by no means entirely dependent 
npon Sicily for sulphur, for this element can 
be easily extracted from iron and cop 2 )er pyrites, both which are found 
ttbiuulautly in this country, 

Iron ijyrites forms the yelloAv metallic-looking substance which is often 
met with in masses of coal, sometimes in distinct cubical crystals, and 
whicli is to bo picked up in largo quantities on some sea-beaches, wliere it 
occurs in rounded nodules, rusty outside, but having a fine radiated 
metallic fracture. Wlien this mineral is strongly heated it gives up part 
of its sulphur; at a very 
high temperature one 
half t>f the sulphur may 
be separated— 

FeS* = FeS + S 

but by an ordinary fur¬ 
nace heat only about 
one-fourth can be ob¬ 
tained. The distillation 
of iron pyrites is some¬ 
times effected in coni¬ 
cal fire-clay vessels (tig. . 

198) closed at the wider 
end, and stopj^ed to¬ 
wards the other with a 
perforated plate to allow 
the passage of the sul- • 

phur vapour. Fach vessel contains 100 lbs. of pyrites, and yields 14 lbs. 
of sulphur. 

The sulphur obtaineil in this way has a green colour, due to the pre¬ 
sence of a little sulphide of iron carried over mechanically during the 
distillation ; in oxder to purify it, it is melted and allowed to cool slowly, 



Fig. 193.—FAirnace for distillation of sulphur 
from pyrites. 
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irhen lihe sulphide of iron suicides; the upper portion of the mass is then 
fortibier purified by distillation. 

Sulphur may also be obtained from copper pyrites (CujS.FejSa) in the 
process of roasting the ore previously to the tsxtraction of the copper. 
The ore is heaped up into a pyramid, the base of which is about 30 feet 
square ; a layer of powd^ed ore is placed at the bottom to prevent too 
rapid access of air; above this there is a layer of brushwood : a wooden 
elumney is placed in the centre, and is made to communicate with air- 
passages left between the faggots; around this chimney the large frag¬ 
ments of the ore are piled to a height of about 8 feet, and a layer of 
powdered ore, about 12 inches deep, is strewn over the whole. The heap 
contains about 2000 tons of pyritei, and will yield 20 tons of sulphur. 
The fire, being kindled by dropping lighted faggots down the chimney, 
burns very slowly because of tlie limited access of air, and after a few 
days sulphur is seen to exude from the surface, and is received in cavities 
made for the purpose in different parts of the heap; the roasting requires 
five or six months for its completion. In this operation a part of the 
sulphur has been separated by the mere action of heat, and another part 
has been displaced % the oxygen of the air, which has converted a portion 
of the iron into an oxide; a part of the separated sulphur has been burnt, 
the rest having escaped combustion on account of the limited access of air. 

The sulphur extracted from pyrites is generally found to contain a little 
arsenic, which is frequently associated with those minerals. Immense 
quantities of sulphur are consumed in this country for the manufacture of 
sulphuric acid, gunpowder, lucifer matches, vidcanised caoutchouc, and 
for making the sulphurous acid employed in bleaching processes. 

Much sulphur has recently been extracted from the tnnk-xoaste of the 
alkali works, by a process which will be described in the manufacture of 
carbonate of soda. 


138. Fropertien of sulphur .—In its ordinary forms sulphur has a 
characteristic yellow colour, though milk of mlphur, or precipitated sul¬ 
phur (obtained by adding an acitl to the solution of sulphur in an alkali), 
is white. It suffers electrical disturbance with remarkable facility, so 
that when powdered in a dry mortar it clings to it with great pertinacity. 

! i I One of the most remarkable features of sulphur is its in%ramability, 
[due to its tendency to combine with oxygen at a raoderately‘~eIevated 
i temperature. It nielts. at a heat not much above the boiling point of 
> , “ water (239® F.), and inflames at about 500° F., 
burmi\g with a pale blue flame, and emitting the 
well-known suffocating odour of sulphurous acid 
(SO,). 

The changes in the physical condition of this 
element under the influence of heat are very extra¬ 
ordinary. If a quantity of sulphur be introduced 
into a Florence flask and subjected to a gradually 
increasing heat (fig. 199), it is soon converted into 
a pale yellow liinpid •liquid (250° F.), the colour 
of which becomesgraduSny brown as the heat 
rises, until, at about 360° F., it is nearly black and 
1 )opaque, and is so viscid that the flask may be 
' inverted without spUfing" it; at this point the 
temperature of the'^bulphur remains stationary for a time, notwithstand- 



Fig. 199. 
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ing^that it ie still ovet thfi flame, shoving that heat is becoming latent in^' 
converting the sulphur into the new modificaj^on. On continaing the 
heat, the sulphur once more becomes liquid (600°), though not so mobile 
as at first, and at a much* higher temperature (836° £i - it and is ^ 
converted into a brownish ^ very he avy vapour : at this point* of the 
experiment, an e^mosion .oi the mixture of sulphur vapour with air 
> often takes place. The flask may now be removed from the flame, and 
I a little of the sulphur poured into a vessel of water, through which 
I it will descend in a continuous stream, forming a soft elastic string like 
'india-rubberj the portion remaining in the flask will be^observed, as 
it cools, to pass againitlirough the same states, becoming viscid at 360° 
and very liquid at 250° j another portion may now be poured into water, 
through which it will fall in isolated drops, solidifying into yellow brittle 
crystalline buttons of ordina:i^ sulphur. As the portion of sulphur left 
in the flask cools, it will be found to deposit small tufts of crystals, and 
ultimately to solidify altogether to a yellow crystalline mass. 

The brown ductile sulphur, when kept for a few hours, will become yel¬ 
low and brittle, passing, in great measure, spontaneously into the crystalline 
sulphur. The change is accelerated by a gentle heat, and is attended with 
evolution of the heat which the sulphur was found to absorb at 350° T. 
Both these varieties of sulphur are, of cotirse, insoluble in water, and they 
are not dissolved to any gieat extent by alcohol and ether. If the ci^stal- 
line variety be shaken with a little bisulphide of carbon it rapidly dis¬ 
solves, and on allowing the solution to evaporate spontaneously, it deposits 
beautiful octahedral crystals, resembling those of native sulphur (fig. 200). 
Ductile sulphur, however, is insoluble in bisulphide of carbon., 

' When flowers of sulphur are shaken with bisulphide of carbon, a con- 
sideiable quanMty passes into solution, the remainder consisting of the 
amorphous^ or^soluble sulphur. Koll sulphur dissolves to a greater 
extent, and sometimes entire!}', in the bisulphide, and distilled sulphur 
is always easily soluble. 

The soluble and insoluble forms of sulphur appear to represent distinct 
chemical varieties of the element. When a solution of sulphuretted hydro¬ 
gen (H,S) is decomposed by the galvanic Battery, the hydroge^ as would 
-be expected, is scpamted at the negative pole, and tnc~ sulphur at t he 
p ositivfi pole (page 5)] The sulphur, therefore, was the e(ec(ronCj^aftre 
'elempfroTIlie compound. This 'guljdiur is soluble in bisulphide of car- 
bo|^ When an acid is added to a solution of an alkaline sulphide con¬ 
taining more than one equivalent of sulphur, the excess of the latter is 
precipitated, and is then also found to be soluble in bisulphide of carbon, 
fox it played an electronegative part towards the metal with which it was 
in combination. 

When sulphurous acid (SO.^) is decomposed by the battery, the sulphur 
is separated at the negative pole, showing that it played an electropositive 
part in the sulphurous acid. This electropositive sulphur is insoluble in 
bisulphide of carbon. The sulphur in the chloride of sulphur (S,Clj) also 
plays an electropositive part, and accordingly, when this compound is 
decomposed by water, the sulphur which separates is insoluble in bisul¬ 
phide of carbon. The existence of these two forms of sulphur affords 
some support to the theory of the dual constitution of the elements noticed 
at page 62. 

The electropositive sulphur would be expected to manifest a greater 
attraction for oxygen than the electronegative variety, and accordingly, it 
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» is found to be far more easily oxidised by nitric acid. Electropositive or 
insoluble sulphur is converted into electronegative or soluble sulphur by 
the action of a moderate heat, itself evolving heat during the process of 
conversion. When melted in cotflact with sulphurous acid, 
the soluble sulphtir is converted externally into the insoluble 
form. 

Crystalline ot soluble sulphur is capable of existing in 
two distinct forms. The natural form of crystallised sul¬ 
phur is the octahedron with a rhombic base (fig. 200), and 
this is the usual form which sulphur assumes when crystal¬ 
lised from its solutions. But if sulphur be melted in a 
Fig, 200. covered crucible, allowed to cool until the surface has con¬ 
gealed, and the remaining liquid portion poured out after 
piercing the crust (with two holes, one for admission of air), the crucible 
will be lined with beautiful needles which are oblique prisms (fig. 201). 
These crystals are brownish yellow, and transparent when freshly made; 
but they soon become opaque yellow, and although they retain their 
prismatic appearance, they have now changed into minute 
rhombic octahedra, the change being attended with evolu¬ 
tion of heat.. On the other hand, if a crystal of octahedral 
sulphur be exposed for a short time to a temperature of 
about 230° F. (in a boiling saturated solution of common 
salt, for example), it becomes oj)aque, in consequence of 
the formation of a number of minute prismatic crystals in 
the mass. 

The difference between tliese two forms of crystalline 
Fig. 201. sulphur extends to their fusing-points and specific gravities; 

the prismatic sulphur fusing at 248° F., and the octahedral 
sulphur at 239° F.; the specific gravity of the prisms being 1-98, and 
that of the octahedra 2'05. 

Roll sulphur, when freshlyjmade, consists of a mass of oblique prismatic 
crystals, but after being kept for some time, it consists of octahedra, although 
the mass generally retains the specific gravity proper to the prismatic form. 
This change in the structure of the mass, taking place when its solid 
condition prevented the free movement of the particles, gives rise to a 
state of tension which may account for the extreme brittleness of roll sul¬ 
phur. If a stick of sulphur bo held in the warm hand, it often splits, 
from unequal expansion. These peculiarities of sulphur deserve careful 
1 study, as helping to elucidate the spontaneous alterations in the structure * 
! of glass, iron, &c., under certain conditions. 

i Flowers of sulphur do not present a crystalline structure, but consist of 
spherical granules composed of insoluble sulphur enclosing soluble sulphur. 
Hot oil of turpentine dissolves sulphur freely, and when the solution is 
allowed to stsmd, the crystals which are deposited whilst the solution is 
hot, have the prismatic form, but as it cools, octahedra are separated. 

The following table exhibits the chief allotropie forms of sulphur :— 




(^Octahedral . . 
Electro negative 

^‘^Prismatio . . 

; Ductile . . . 
Amorphoue . . 

ElectropositiTe ; 


Sp. gr. 

Fusing point. 

" Soluble in bisulphide of 
'ciffbon. 

2 05 

239“ ^ 

1‘08 

248“ ( 

, Soluble in bisulphide of 
carbon. 

1-96 

Becomes 

octahedral. 

Insoluble in bisulnhide 
of cMton. 
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The octahedral i» by far the most stable of the three, and is the nltimato 
condition which the others assume. 

Other varieties of sulphur, such as a black and a red modification, have 
been described, but they are of minor importance. 

Sulphur is capable of entering into direct combination with several other 
elements. It unites with chlorine and witb. some of the metals, if finely 
divided, even at the ordinary temperature, and it is capable of combining 
at a high temperature with all the non-metals except, jiitrogen, and with 
nearly all the metals. 

If a mixture of 2 parts of copper filings and 1 part of sulphur, or of equal weights of 
iron filings and sulphur, be heated in a Florence flask ora test-tube, the combination' 
will be attended with vivid combustion. 

The so-called Le7nery'a volcano was made by mixing iron filings with two-thirds of 
their weight of powdered sulphur, and burying soverd pounds of the moist niixtura 
in the earth, when the heat evolved by the rusting of partnf the iron provoked the 
energetic combination of the remainder with the sulphur, and the consequent develop¬ 
ment of much steam.* 

Several metals may be made to burn in sulphur vapour, as in oxygen, by heating 
the sulphur in a Florence flask with a gauze burner so 
as to keep the flask constantly filled with the brown 
vapour. Fotasriiun mid so dium, introduced in deflagrat¬ 
ing Simons, take fire spontaneously in the vapour (fig. 

202 ). 

A. coil of copi>er wire glows vividly in snlphur vapour, 
and becomes converted into a brittle mass of sulphide of 
copper. 

Sulphur dissolves, though slowly, in boiling 
concentrated nitric and sulphuric acids, being 
oxidised by the former into sulphuric, and by 
the latter into sulphurous acid. It is far more 
rapidly converted into sulphuric acid by a mix- 
lui-e of nitric acid and chlorate of potash. The 
alkalies dissolve sulphur when heated, yielding 
yellow or red solutions which contain hyposulphites of the alkalies and 
sulphides of their metals. 

There is a very general resemblance in composition between the com¬ 
pounds of sulphiu’ and those of oxygen with the same elements. 

139. Influence of imqmrature upon the sj)eciflc gravity of gams and 
ropoam-r-The specific gravity of a gas or vapour being defined as its 
weight, compared with that of an equal volume of dry and pure air at the 
same temperature and pressure, it might bo supposed that so long as the 
temperatures wore equal, their actual thermometric value would not influ¬ 
ence the specific gravity. Indeed, with those gases and vapours which 
are condensible with difficiilty, this is actually the case. Thus, if equal 
volumes of oxygen and air be weighed, either at a low or a high tempera¬ 
ture, provided their temperatures am the same, their weights will always 
stand to each other in the ratio of 1*1057 : 1. 

But with many vapours it i» found that if they be weighed at tempera¬ 
tures too nearly approaching to their condensing points, their specific 
gravities are much higher than they are found to he at higher tempera- 

* A mixture of 60 parts of fine iron filings, 2 of sal-ammoniac, and 1 of snlphur, made 
into a paste with water, is very useful for making the joints of Iron tubes air-tigni, for 
it sets into a harfl <%inont, the iron combining with the snlphur. 

N 
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turea. Solphar affords a very well-marked instance of this. It boils at 
836® F., and if its vapour be weighed at a temperature of 90d® F., it is 
found to weigh 6*617 times as much as an equal volume of air at 900® F., 
so that it is 96 times as heavy as hydrogen, or 1 atom of sulphur would 
i occupy J vol. But if the vapour of sulphur be weighed at 1900® F., it 
^is found to weigh only 2*23 times as much as an equal volume of air at 
‘the same temperature and pressure, so that it is only 32 times as heavy 
^as hydrogen, and one atom of sulphur occupies 1 vol. 


Hydbosulphueic Acid. 

HjS = 34 parts by weight = 2 vols. 

140. Sulphuretted hydrogen, or hydrosulphuric acid, has been already 
mentioned as occurring in some mineral waters, as at Harrowgate. It is 
also found in the gases emanating from volcanoes, sometimes amounting 
to one-fourth of their volume. It is a product of the putrefaction of 
organic substances containing sulphur, and is one of the causes of the 
sickening smell of drains, &c. Eggs, which contain a considerable pro¬ 
portion of sulphur, ovolvo sulphuretted hydrogen as soon as they begin 
to change, and hence the association between this gas and the “ smell of 
rotten eggs.” The same smell is observed when a kettle boils over upon 
a coke or coal fire, the hydrogen liberated from the water combining with 
the sulphur present in the fuel. 

Hydrosulphuric acid is also found among the products of destructive 
distillation of organic substances containing sulphur; it was mentioned 
among the products from coal, in which it is for the most part combined 
with the ammonia formed at the same time, producing hydrosulpbate of 
ammonia. 

It may be produced, though not in laige quantity, by the direct union 
of hydrogen with sulphur vapour at a high temperature, or by passing a 
/mixtoe of sulphur vapour and steam through a tube filled with red-hot 
, pumice stone (the latter encouraging the action by its porosity). Hydro- 
sulphuric acid is more readily formed by heating a damp mixture of sul- 
phjiir and wood chaico^ and may be obtainedluTarge quanfi^liyTieating 
a mixture of equal weights of sulphur and tallow, the latter furnishing 
the hydrogen. -—• 

Preparation of hydrosulphuric acid .—For use in the laboratory, where 
it is very largely employed in testing for and separating metals, hydro- 
sulphuric acid is generally prepared by decomposing sulphide of iron with 
diluted sulphuric acid— 

FeS + HjO.SO, - HjS + FeO.SO,. 

Sulphide nydroBidphiiric Snlphetcof 

of iron. acid. iron. 

To obtain sulphide of iron, a mixture of 3 parts of iron filings with 2 parts of 
flowers of sulphur is thrown, by small portions^at a time, into an earthen crucible 
(A, fig* 208), heated to redness in a charcoal fire, the crucible beitfg 
ewh p^on has been added. The iron and sulphur combine with combustion, and 
when the whole of the mixture has been introduced, the crucible is allowed to cool, 
uie m^ of sulphide of iron broken out, and a few fragments of it are introduced 
into a Mttle (fig, 204) provided with a funnel tube for the addition of the acid, and 
a bent tul» for conducting the gas through a small quantity of water, te remove any 
splashes of sulphate of iron, ^om the second bottle the gas is conducted by a glass 
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tube with a caoutchonc joint, either down into a gas-bottle, or into water, or any 
other liqnid^pon which the gas 
is intended to act. The frag- 
ments sulphide of iron dioald 

be covered with enough water to 
fill the gns-bottle to about one- 
third, and strong sulphuric acid 
added by degrees through the 
funnel, the bottle being shaken, 
until effervescence is observed. 

An excess of strong sulphuric 
acid stops the evolution of gas 
by precipitating a quantity of 
white anhydrous sulphate of 
iron, which coats the sulphide 
and defends it from the action 
of the acid. When no more gas 
is required, the acid liquid 
should be at once poured away, 
leaving the fragments of sulphide 
of iron at the bottom of the 
bottle for a fresh operation. 

The liquid, if set aside, will ■ 

deposit beautiful green crystals of copperas ot sulphate of iron (Fe0.S0j.7H,0). 

Since the sulphide of iron prepared as above generally contains a little metallic 
• iron, the sulphuretted hydrogen is mixed with free 
hydrogen, which does not generally interfere with its 
uses. The pure gas may be prepared by heating sul¬ 
phide of antimony (crude antimony) in a flask with 
hydrochloric acid— 

Sb,S, + 6HC1 = 3H,S + 2SbCl,. 

Properties of hi/JrosulpJiuric acid .—This 
ga.s is at once distinguished from all others by 
its disgusting odour. It is one-fifth heavier 
than air (sp. gr. 1*1912). Its gaseous state is 
not permanent, but a pressure of 17 atmo¬ 
spheres is required to reduce it to a colourless 
liquid which congeals to a transparent solid at - 122 ° F. Water absorbs 
about three times its volume of sulphuretted hydrogen at the ordinary 
temperature ; both the gas and its solution are feebly acid to blue litmus 
paper. The gas is veiy combustible, burning with a blue flame like that 
of sulphur, and yielding, as the chief products, water and sulphurous 
acid— 



Fig. 204.—Preparation of 
hydroaniphuric acid. 


H^S -f O 3 = H,0 -f SO*; , ' 

a little hydrated sulphuric acid ( 11 * 0 . SO 3 ) is also formed, and unless 
the supply of air is very good, some of the sulphur will be separated; 
thus, if a tape r he applied to a bottle filled with sulphuretted hydrogen, 
a good deal of sulphur will he_ deposited upon the sides. This combusti¬ 
bility of sulphureffed hydrogen is' of the greatest importance in those 
processes of chemical manufacture in which this gas is evolved (as in the 
preparation of ammoniacal salts from gas liquors), enabling it to be dis¬ 
posed of in the furnace instead of becoming a nuisance to the neighbour¬ 
hood. The gas causes fainting when inhaled in large quantity, and 
appears much to depress the vital energy when breathed for any len^h of 
time even in a dilated state. 

When dissolved in water, hydrosulphuric acid is slowly acted upon by 
the oxygen of the air, which converts its hydrogen into w'ater, and causes 
a white deposit of (electronegative or soluble) sulphur. 
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Thia is a great drawLaek to th« use of this iudispensable chemical in the labor¬ 
atory, since the solntion of hydrosulphuric add is so soon rendered^hseless. Tn 
dlmuiish it as far as possible, the solntion should be made either with boiled water (free 
from dissolved air), or with water which has already been once chared with the gas 
and spoilt by keeping, for all the oxygen dissolved in this water will have been con- 
sntnea by the former portion of gas. The gas should be jiossed through the water 
until, on closing the bottle with the hand and shaking violently, the pressure is 
found to act outwards, showing the water to be saturated with the gas. By closing 
the bottle with a greased stopper, and inverting it, the solution may be preserved 
for some weeks, even though occasionally openea for use. 

In preparing the solution of hydrosulphuric acid, a certain quantity of the gas 
always escapes absorption. To prevent this from becoming a nuisance, the bottle 
containing the water to be charged with giis may be covered with an air-tight 
caoutchouc cap having two tubes, through one of which passes the glass tube con¬ 
veying the gas down mto the water, and through the other, a tube conducting the 
excess of gas either into a gas-burner, where it may be consumed, or into a solution 
of ammonia which will absorb it, forming the very useful hydrosnlphate of am¬ 
monia. 

Tho hydrogen of the hydrosulphuric acid is oxidised immediately by 
nitrous acid (N^Oj), the sulphur being separated, and a considerable qudti- 
tity of nitrite of ammonia produced— 

N,03 -f 6H,S =x 2NH, -t- 3H*0 + S^. 

Concentrated nitric acid also oxidises the hydrogen and a part of the 
sulphur, sulphate of ammonia { 2 NH 3 .II 2 O.SO 3 ) being found in the solu¬ 
tion, and a pasty mass of sulphur separated. Chlorine, bromine, and 
iodine at once appropriate its hydi’ogon and separate the sulphur. 

In its action upon the metals and their oxides, hydrosulphuric acid re¬ 
sembles hydrochloric and the other hydrogen acids. Many of the metals 
displace the hydrogen and form metallic sulphides. This usually re(iuiro 8 
the assistance of heat, but mercury and silver act upon the gas at tho 
ordina,iy.temperature.. Thu 8 ,'if suIphurettecTTiydrogen bo collected over 
mercury, the suiface of the latter becomes coated with a black film of 
sulphide of mercury ; HjS + Hg 2 = Hj -t- HgjS. In a similar way the 
surface of silver is slowly tarnished when exposed to sulphuretted hydro¬ 
gen, its surface being covered with a black film of snlphido of silver. It 
is on this account that silver plate is so easily hlfudcened by tho air of 
I towns, which is contaminated with sulphuretted hydi‘ogen. An egg spoon 
I is always blackened by the sulphur from the egg. Silver coins kept in 
the pocket with lucifer matches are blackened, irom the formation of a 
/ little sulp hide of sil ver. The original brightness of the coin may he re¬ 
stored by rubbing it with a solution of cyanide oV potassium^ which dis 
solves the sulphide of silver. Friction with strong^a^iom will also 
remove the tarnish, and its application is safer tHanthaToFHTe poisonous 
cyanide. 

When heated in the gas, several metals displace the hydrogen from it. 
Thus, potassium acts upon it in a corresponding manner to that in which 
it acts upon water— 

HnO -f. K = KHO + H 

HgS -f. K = KIIS -f H, 

forming hydTOSvlphaie ofpoimaium (KHS). 

Tin removes the whole of the sulphur from hydrosulphuric acid at a 
moderate heat; Sn -i- HgS = Hg -»- SnS. 

When hydrosulphuric acid acts upon a metallic oxide, it generally con¬ 
verts it into^ |Qlphide corrMponding to the oxid^ whilst the hydrogen 
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aud oxygen unite to form water. Oxide of lead in contact with the gas 
yields hlalft sulphide of lead and water ; PbO + HgS = PhS + HgO. 
Even if the oxide of lead be combined with an acid, the i^me change is 
produced by hydrosulphuric acid; and hence paper impregnated with a 
salt of lead is used as a test for the presence of this gas. Thus, if paper 
be spotted with a solution of nitrate (or acetate) of lead, it will in^cato 
tlie presence of even minute quantities of sulphuretted hydrogen (in 
impure coal-gJts, for example) by the brown colour imparted to the spots, 
the nitrate of lead being decomposed by the hydrosulphuric acid— 

PbO.NjO., (mtrateo/Uad) + HjS = HjO.lJ'gOj UVitricaem + PbS. 

It is in this manner tliat paints containing whitehead (caibonato of 
lead) are darkened by exposure to the air of towns. Cards glazed with 
white lead, and engravings on paper whitened with that substance, suffer 
a similar cliange. Paintings, whether in oil or water colours, in which 
lead is an ingredient, are also injured by air containing sidphuretted 
hydrogen. The interesting observation has recently been made that such 
colours, damj^ed by the formation of sulphide of load, are restored by the: 
continued action of light and air, the black sulphide of lead becoming 
oxidised and converted into the white si3p6&t~<r'of lead, PbS +04 = 
PbO.SOj. In the dark this restoration ^es not take place, so that it is 
often a mistake to screen pictures from the light by a curtain. 

The action of hydrosulphuric acid upon the clilorides and other haloid 
salts of the metals generdly resembles its action upon the oxides of the 
same metals. 

Most of the sulphides of the metals, like the corresponding oxides, are 
insoluble in wattjr, but many of tlie sulphides are also insoluble in diluted 
acids aud in alkalies, so that when hydrosulphuric acid is brought into 
contact with the solutions of metals, it will often precipitate the metal in 
tlie form of a sulphide having some characteristic colour or other property 
by wliicli the metal may be identified. 

Any solution of lead will give a precipitate with solution of hydrosuliihuric 
acid, the sulphide of lead being insolulile in diluted acids aud in alkalie.s. 

A solution of antimony (tiirtar-emetic, for example, tlie tailrate of antimony and 
potash) mixed with an excess of hydrochloric acid, gives an coloured preci¬ 

pitate ^SbjSj) on adding hydrosulphuric acid ; but if another portion be mixed with 
an excess of potash before adding the hydrosulphuric acid, there u ill be no precipi' 
tate, for the sulphide of antimony is soluble in alkalies. 

Chloride of cadmium gives a brilliant yellow precipitate of sulphide of cadmium on 
adding hydrosulphuric acid. 

Suljdiatc of zinc yields a wkUc precipitate of sulphide of zinc (ZnS), but if a little 
hydrochloric acid be previously added, no precipitate is formed, the sulphide of zinc 
being soluble in acids. On neutralising the hydrochloric acid with ammonia, the 
sulphide of zinc is at once precipitated. 

It is evident that, in a solution containing cadmium and zinc, the metals may be 
se^mrated by acidifying the liquid with hydrochloric acid, and adding excess of 
hydrosulphuric acid, which precipitates the sulphide of cadmium only. On filtering 
the solution, and adding ammonia, the sulphide of zinc is precipitated. 

Sulphur-acids and sulphur-liases .—^Those sulphides which are soluble 
in the alkalies axe often designated sulphux-acids, whilst the sulphides of 
the alkali-metals are sulphur-bases. These two classes of sulphides com¬ 
bine to form stdphur-salts analogous in composition to the oxygen-salts of 
the same metals. Thus, there have been crystallised, the salts 
Sulphostaunato of (sulphide of) sodium, 2]SrajS.SnS, 
Sulphantimoniate „ „ 3NajS.Sbj8j 

Sulpharseniate „ „ SNa^.As^Sg. 
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The sulphoBtannie (SnS^), sulphantimonic and B^harsenic 

(AS|Se) acids respectively, corresponding to stannic (8nOs,),'ifcitimonio 
(SbjOj), and a^enic (As^Og) acids. 

“yhe action of air upon the sulphides of the metals is often tamed to 
account in chemical manufactures. At the ordinary temperature, the 
sulphides of those metals which form alkaline oxides (such as sodium and 
calcium), when exposed to the air in the presence of water, yield, first, 
mixtures of the oxide and bisulphide, 2NajS + 0 = Na,0 + ; 

and afterwards the hyposulphite, ISTagS, + 03 = NajS^Og. This change is 
sometimes turned to account for the manufacture of hyposulphite of soda. 

When the metal forms a less powerful base with oxygen, the sulphide 
is often converted into sulphate by exposure to moist air; thus, CuS + 
O4 = CuO.SOg, which is taken advantage of for the separation of copper 
from tin ores. 

The black sulphide of iron (FeS), when' exposed to moist air, becomes 
converted into red peroxide of iron, with separation of sulphur— 

2 FeS + 03 = FeA + 8,1 

a change which enables the gas manufacturer to revive, by the action of 
air, the peroxide of iron employed for removing the sulphuretted hydrogen 
from coal gas. 

When roasted in air at a high temperature, the sulphides correspond¬ 
ing to the more powerful bases are converted into sulpliatos; thus 
ZnS + O4 * ZnO.SOj, which explains the production of sulphate of 
zinc by roasting blende. But in most cases part of the sulphur is con¬ 
verted into sulphurous acid at the same time. Subsulphide of copper, 
for instance, is partly converted into oxide of copper by roasting, CUjjS + 
Og = 2 CuC) -I- SOjj, a change of great importance in the extraction of 
copper finm its ores. 

141. Persulphide of hydrogen. —The composition of this substance is not yet satis¬ 
factorily ascertained. The similarity of its chemical properties to those of binoxide 
of hydrogen prompts the wish that its formula may be Some analyses, how¬ 

ever, seem to lead to the formula 11,8,, but since the persulphide is a liquid capable 
of dissolving free sulphur, which is not easily separated from it, there is much diffi¬ 
culty in determining the exact proportion of this element with which the hydrogen 
is combined. 

When equal weights of slaked lime and sulphur are boiled with water, an orange- 
coloured liquid is formed, which contains hyposulphite of lime, bisulphide of calcium, 
and pentasulphide of calcium (CaS,)— 

8CaO -t S, = CaSjOj {flyposulphiteo/ttme) + 2CaS3 (Bitulphidt of calcium). 

When hydrochloric acid is added to the filtered solution, an abundant precipitation 
of sulphur occurs, and much hydrosulphuric acid is evolved— 

CaS, + 2HC1 = CaCl, + H,S + S. 

But if the solution be poured by degrees into a slightly warm mixture of hydro¬ 
chloric acid with twice its bulk of water, and constantly stirred, a yellow heavy oily 
liquid collects at the bottom, which is the persulphide of hydro^n— 

CaS, + 2HC1 = H,S, (?) + CaCl,. 

The acid having been kept in excess, the persulphide has been preserved from the 
decomposition which it suffered in the presence of the alkaline solution in the 
former experiment. For the persulphide of hydrogen very closely resembles the per¬ 
oxide in the facility with which it may be decom]B)Bed into hydrosulphuric acid and 
sulphur; it undergoes spontaneous decomposition even in sealed tubes, and the hydro- 
sulphuric acid then becomes liquefied by its own pressure, Idost of the substances, 
the contact of which promotes the decomposition of the peroxide of hydrogen, have 
the same effect upon the persulphide. This compound has a peculiar odour which 
appears to affect the eyes; of course, its vapour is mixed with that of hydrosul- 
pnuric acid resulting from its decomposition. 
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Oxides op Sdlphde. 

142. Oily two compounds of sulphur with oxygen have been obtained 
in the separate state, viz., aulphurom acid (SOj) and aulphunc add (SO,). 

Sulphurous Acid. 

SOg = 64 parte by weight = 2 vole. 

143. In nature, sulphurous acid is but rarely met with; it exists in the 
gases issuing from volcanoes. Although constantly discWged into the 
air of towns by the combustion of coal (containing sulphur), it is so easily 
oxidised and converted into sulphuric acid, that no considerable quantity 
is ever found in the atmospheiu Sulphurous acid has been alrea% men¬ 
tioned as the sole product of the combustion of sulphur in dry air and 
oxygen, but it is generally prepared for chemical purposes by removing 
part of the oxygen from sulphuric acid, which is easily effected by heating 
it with metallic copper— 

2(HgO.SOg) -I- Cu = CuO.SOj 4- mp + 80,. 

Sulphate of copiHsr. 

800 grains of copper clippings are heated in a Florence flask with 4 oz. (measured) 
of strong sulphuric acid, the gas being conducted b;y' a bent tube down to bottom 
of a diT bottle closed with a jjertorated cajxl (see fig. 177, p. 153). Some time will 
elapse before the gas is evolved, for sulphuric acid acts upon cop{>er only at a high 
tfinperature ; hut when the evolution of gas fairly commences, it will proceed very 
rapidly, so that it is neeesswiry to removwthe flame from under the flask. The 
gas will contain a little suspended vapour-of sulphuric acid,-which renders it turbid. 

When the openttiuu is linished, and the flu.sk has been allowed to cool, it will be 
found to contain a grey crystalline powder at the bottom of a brown liquid. The 
latter is the excess of sulphuric acid employed, and retains very little copper, since 
sulphate of copper is insoluble iu strong sulplmric acid. If the liquid he poured off, 
and the fla.sk filled up with water, ami set aside for some time, the crystalline powder 
will dissolve, forming a blue solution of sulphate of cotmer, yielding that salt in‘fine 
prismatic crystals by evaporation and cooling. The dark powder remaining 
undissolved after extracting the whole of the sulphate of coitper consists chiefly of 
sulphide of copper, the production of which is interesting, as showing how fur the 
deoxidising eflect of the copi»er may be carried in this experiment. 

Sulphurous acid is a very heavy (sp. gr. 2-25) colourless gas, characterised 
by its odour of buniing brimstone. It condenses to a clear liquid at 0** F. 
(tire temperature of a mixture of ice and salt) even at the ordinary pressure 
of the air, and has been frozen to a colourless crystalline solid at —106® F. 

The liquefaction of the gas is easily exhibited by passing it down to the bottom of 
a tube (A, fig. 205) closed at one end, and surrounded with a mixture of pounded 
ice with half its weight of salt. The tul)e should have 
been previously drawm out to a narrow neck at If, 
which may afterwards be sealed by the hlowpiiM;, the 
lower part of the tube being still surrounded by the 
freezing mixture, since the liquid sulphurous acid 
boils at 14’ F. The tube need not be veiy strong, 
for at the ordinary temperature the vapour of sulphurous 
acid exerts a pressure of only 2‘5 atmo.spheres. Liquid 
sulphurous acid is a convenient agent for producing (by 
its rapid evaporation) the low teraperatui'C (—39 F.) 
required to eflect the solidification of mercury, A 
small globule of this metal may readily be frozen by 
dropping some liquid sulphurous acid upon it in a 
waton-glass placea in a strong dniught of air. The 
tube containing the sulphurous acid should be held in 
a woollen cloth or (povo. The attractive experiment 
of freezing water iu a red-hot crucible may also be Pig. 205. 

made wi& the liquid acid. A platinum crucible 

being heated to redness, and some liquid sulphurous^cid poured into it, the liquid 
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become siarroanded with an atmosphere of sulphurous acid gas, which prerents its 
contact with the metal (assumes the spheroidal state), and its temperatuGi is reduced 
by its own evaporation to so low a degree that a few drops of water allowed to flow 
into it will at once become converted into ice. 

Sulphurous acid gas is very easily absorbed by water, as may be shown 
by pouring a little water into a bottle of the gas, closing the bottle with 
the palm of the hand, and shaking it violently (see hg. 165, p. 145), 
when the diminished pressure due to the absorption of the gas will cause 
the bottle to be sustained against the hand by the pressure of the 
atmosphere. Water absorbs 43*5 times its bulk of the gas at the ordi¬ 
nary temperature. If the solution be exposed to a low temperature, a 
crystallised hydrate of sulphurous acid is obtained, the composition of 
which does not appear to be accurately settled. "V^en the solution of 
sulphurous acid is kept for some time in a bottle containing air, its smell 
gradually disappears, the acid absorbing oxygen and becoming converted 
into sulphuric acid. 

Sulphurous aci d, like c arlmnie ac id, possesses in a high degree the 
power of ex tinguishing flam e. A taper is at once extinguished in a 
bottle of the gas, even ^^en containing a considerable proportion of air. 
One of the beat methods of extinguishing burning soot in a chimney 
consists in passing up sulphurous acid by burning a few ounces of 
sulphur in a pan placed over the fire. 

^ The principal uses of sulphurous aej^ depend upon its property of 
pleaching many animal and vogc ^le colo uring matters. Although a 
far less powerful bleaching agent than clxlonne, it is preferred for bleach¬ 
ing silk, straw, wool, sponge,* isinglass, baskets, &c., which would bo 
injured by the great chemical energy of chlorine. The articles to be 
bleached are moistened with water and suspended in a chamber in which 
sulphurous acid is produced by the combustion of sulphur. The colour¬ 
ing matters do not appear in general to be decomposed by the acid, but 
rather to form colourless combinations with it, for in course of time, 
the original colour often reappears, as is seen in straw, flannel, &c., which 
become yellow from age, the sulphurous acid probably being oxidised 
4 into sulphuric acid. Stains of fruit and port wine on linen are con- 
' veniently removed by solution of sulphurous acid. 

The red solution obtained by boiling a few chips of logwood with river water (dis¬ 
tilled water does not give so fine a colour), serves to illustrate the bleaching projsjr- 
ties of sulphurous acid. A few drop of the solution of tlie acid will at once change 
the red colour of the solution to a light yellow, but that the colouring power is sus¬ 
pended and not destroyed, may be shown by dividing the yellow Iniuid into two 
parts, and adding to them, respectively, potash and diluted sulphuric acid, which 

will restore the colour in a modified form. To contrast 
this with the complete decomposition of the colouring 
matter, a little sulphurous acid may be added to a weak 
solution of the prumanganate of potash, when the splendid 
red solution at once becomes perfectly colourless, and 
neither acid nor alkali can effect its restoration, for in this 
cose the red permanganic acid (MDjO.), supposed to exist 
in the permanganate of potash, is reanced to the state of 
protoxide of manganese. 

If a bunch of damp coloured flowers be susjiended in a 
bell-jar over a crucible eSntaining a little burning sulphur 
(fig. 206), many of the flowers will be completely bleached 
by the sulphorons acid, and by plunging them afterwards 
into diluted sulphuric acid ana ammonia, their colours 
Fig. 206. maybepartlyrestoredfWithsomeverycuriousmodificatioDB. 

'^Another very useful property of sulphurous acid is that of arresting 
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fermentation (or putrefaction), apparently by killing the vegetable or 
auitoal grd^th urhich is the cause o f the fermen tation. This is commonly 
designate^the mtie^Hc property of sulpnurous acid, and is turned to 
account “when casks for wine or beer 
are mdphured in order to prevent the 
action of any substance contained in the 
pores of the wood, and capable of ex¬ 
citing fermentation, upon the fresh liquor 
to be introduced. If a little solution of 
sugar be fermented with yeast in a flask 
provided with a funnel tube (fig. 207), 
a solution of sulphurous acid poured in 
through the latter will at once arrest the fer¬ 
mentation. The salts of sulphurous acid 
(sulphites) are also occasionally used to 
arrest fermentation, in the manufacture of 
sugar, for instance. Clothes are sometimes fumigated with sulphurous 
I acid to destroy vermin, and the air of rooms is disinfected by burning 
I sulphur in it. 

The disposition of sulphurous acid to absorb oxygen and pass into sul 
phuric acid, renders it a powerful deoxidising or reducing agent. Solu¬ 
tions of silver and gold are reduced to the metallic state by sulphurous 
acid if a very little ammonia be added, and a gentle heat applied. 

If a solution of sulphurous acid be heated for some time in a sealed tube to 340° F. 
one portion of the acid deoxidises another, sulphur is seimruted, and sulphuric acid 
formed ; 8SO, + 2HsO = 3(11,0.80,) + 8. 

Sulphurous acid gas combines with ammonia gas to form two solid compounds, 
(NHjljSOj, and NHg.SO,, which are quite different in their properties from the 
sulphite and bisulphite of ammonia, which arc formed when sulphm'ous acid acts 
upon solution of ammonia. 

Chlorine combines with an equal volume of sulphurous acid, under the influence 
of bright sanshine, to produce a colourless liquid, the vapour of which is veiy acrid 
and irritating to the eyes. Its composition is represented by 80,01,, and it i.s some¬ 
times called chlorosutphuric acid, mongh it does not combine with bases, and is de¬ 
composed by water, yielding hydrochloric and sulphuric acids. It is also known as 
chloride of sulphuryle, SO,, being looked upon as the radical of sulphuric acid. The 
chloride of thionyle,* S0C1„ is a colourless volatile liquid obtained by the action of 
hypochlorous acid gas on sulphur dissolved in the 8ul)c}iloride of sulphur. It is 
decom^med by Avater, yielding hydrochloric and sulpLuvons acids. 

Potassium and sodium, when heated in sulphurous acid, bum A'ividly, producing 
the oxides and sulphides of the metals. 

Iron, lead, tin, and zinc are also converted into oxides and sulphides when heated 
in sulphurous acid j SO, Zn,=ZuS -h 2ZnO. 



Sulphites .—Tbo acid character of sulphurous acid is rather feeble, 
although stronger than that of carbonic acid. There is much general 
resemblance between the suliihitos and carbonates, in point of solubility, 
the sulphites of tho alkali-metals being the only salts of sul]»hurou8 acid 
which are freely soluble in water. Sulphurous acid, like cai'bonic, forms 
two classes of salts, the sulphites (for example, sulphite of soda, Ka,O.SOj) 
and bisulphites (as bisulphite of potash, Kg().Hg0.2S0,). 
yc The sulphite of soda is extensively manufactured for the use of the 
papermak er, who employs it as an antich lore for killing the blea ch, that 
isT^neutfalising the, excess of chlorine after bleacliing the rags wiili chlo¬ 
ride of lime and sulphuric acid (sec p. 162)— 

Na,0.§0^.+ H,0 + Cl, = Na,O.SO, -i- 2HC1. 


• OeTov, sulphur. 
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It is prepared by passing sulphurous acid over damp crystals of car* 
bonate of soda, when the carbonic acid is expelled, and sulphite of soda 
formed, which is dissolved in water and crystallised. It forms Oblique 
prisms having the composition UTa^O.SOyTAq, which effloresce in the air, 
becoming opaque, and slowly absorbing oxygen, passing into sulphate of 
soda (NagO.SOg). Its solution is slightly alkaline to test-papers. 

For the manufacture of sulphite of soda, the sulphurous acid is obtained 
either by the combustion of sulphur or by heating sulphuric acid with 

2(H,0.S03) -I- C = 2HbO + CO, + 2SO,. 

Tlie carbonic acid, of course, will not interfere with this application of 
the sulphurous acid. 

Just as in the cose of carbonic acid (see p. 83), many chemists deny the 
acid nature of the coinpound SO, altogether, and term it mlpJiurotis 
ftw/tyrfr/iie, reserving the name of sulphurous acid for the hydrated sul¬ 
phurous acid, HjO.SO, or HjSOj, obtained by exposing the aqueous solu¬ 
tion of sulphurous acid to a very low temperature. 

Sulphuric Acid. 

80,=80 parts by weight. 

144. It has been already noticed that one of the most abundant forms 
in which sulphur occurs in nature is that of sulphuric acid in combina¬ 
tion with certain bases. Hydrated sulphuric acid has also been found in 
ceitain springs and rivers in volcanic regions. Sulphurous acid and 
oxygen gases combine to form sulphuric acid (SO 3 ) when passed through 
a tube containing heated platinum or certain metallic oxides, such as those 
of copper and chromium, the action of which in promoting the combina¬ 
tion is not thoroughly understood. 

The combination may be shown by passing oCTgen from the tube A (fig. 208) 
connected with a gas-holder, througli a strong solution of sulxdmrous acid (B), so 

that it may take up a quantity of that gas, 
afterwards through a tube (C) containing 
pumice stone soaked with oil of vitriol, to 
remove the water, and then tlirough a bulb 
(D) containing jJalinised asbestos (sue p. 
138). The mixture of tlie ^es issuing 
into the air is quite invisible, but when the 
bulb is gently heated, combination takes 
place, and dense white clouds are formed 
in the air, from the combination of the 
anhydrous sulphuric acid (SO,) produced 
with the atmospheric moisture.’ 

Fig. 208. An easier method of obtaining the 

anhydrous sulphuric acid will be 
noticed hereafter, but the hydrated acid is of so much more importance 
that its preparation and properties should be studied before those of the 
anhydrous acid. 

Hydrated mlphuric acid (H, 0 ,S 03 = 98 parts by weight).—^Moro than 
four centuries ago, the alchemist Ba^ Valentine subjected g reen vitr iol. 
as it was then called (snl phate of ir on), to distillation, and obtain^ an 
acid liquid which he named oi.i of mtriol. The process diacovered by this 
laborious monk is even now in use at Nordhausen in Saxony, and the 
Nordhaueen oil of vitriol is an important article of commerce, 
tids of sulplu^ nf iron (FeO.SOj.7H,0) are exposed to the 
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they may absorb oxygen, and become converted into the laiic persuh 
ph^e of iron — 

2 (Fe 0 .S 03 ) + 0 = Fe,0,.2S0,. 

lliis salt is dried, and distilled in earthen retorts, the oil of vitriol 
being condensed in receivers of glass or stoneware. The action of heat 
upon the basic persulphate of iron separates the acid from the base, and 
if the salt were absolutely dry, the anhydrous sulphuric acid would be 
expected to distil over. Tliere is always enough water, however, left in 
the persulphate, to combine with the anhydrous acid to form the Nord- 
hausen oil of vitriol, the composition of which is pretty correctly ex¬ 
pressed by the formula Hj0.2S0j,. The peroxide of iron (Fe^OJ which j 
is left in the letorts, is the red powder known as colcothar, which is used { 
for polishing plate glass and metals. 

The green vitriol employed for preparing the Nordhauseu acid is obtained horn 
iron pyrites (FeS,). A particular variety of this mineral, white pyrites (or efflores¬ 
cent ])yrites), when exposed to moist air, undergoes oxidation, yielding sulphate of 
iron and sulphuric acid— 

FeSj + H,0 + Oj = FeO.SO, + HgO.SO,. 

Large masses of this variety of pyrites iu niineralogical cabinets may often be 
seen broken up into small fragments, and covered with an acid efflorescence of sul¬ 
phate of iron from this cause. Ordinary iron pyrites is not oxidised by exposure to 
the air unless it be first subjected to distillation in order to separate a portion of the 
sulphur which it contains. 

The Nordhausen acid is readily distinguished from English sulphuric 
acid by its fuming in the air when the bottle is opened. This is due to 
the escape of a little vapour of anhydrous sulphuric acid. It is heavier 
than the English acid, its specific gravity being 1 *9. It is chiefly used 
for dissolving indigo in preparing the Saxony blue dj’e, and is a con¬ 
venient source of tlic anhydrous sulphuric acid j for if it be gently heated 
iu a retort, the anhydrous acid is disengaged, and may be condensed in 
silky crystals in a receiver kept cool by ice, wltilst ordinary hydrated sul¬ 
phuric acid (HjjO.SOj,) is left in the retort. 

The process adopted at Nordhausen, though simple in theory, is expen¬ 
sive on account of the consumption of fuel and the breaking of the retorts, 
so that the price of the acid, compared with that of English manufacture, 
is very high. 

The first step towards the discovery of our present process was also 
made by Valentine, wdien he prepared Ms oleum mlphiris per campamm^ 
by burning sulphur under a bell-glass over water, and evaj)orating the acid 
liquid thus obtained. The same experimenter also made a very important 
mlvance when he burnt a mixture of sulphur, sulphide of antimony, and 
nitre, under a hell-glass placed over water; hut it was not until the middle 
of the eighteenth centuiy that it was suggested by some French chemists 
to bum the sulphur and" nitre alone over water, a process by which the 
acid appears actually to liave been manufactured upon a pretty large scale. 
The substitution of large chambers of lead for glass vessels by Dr l^ebuck 
was a great improvement i» the process, and about- the year 1770 the 
preparation of the acid formed an important branch of manufacture; since 
then the process has been steadily improving, until, at the present time, 
upwards of 100,000 tons are annually consumed in Great Britain, and a 
very laige quantity is exported. The diminution in the price of oil of 
vitriol well exhibits the progress of improvement in its production, for 
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tile ongiaal oU of sulphur appears to have been sold for about half a 
oron^n an ounce, and that prepared by burning sulphur with nitre in glass 
vessels at the same price per pound; but when leaden chambers wore 
introduced, the price fell to a shilling per poimd, and at present oil of 
vitriol can be purchased at the rate of five farthings per pound. 

The description of the present process of manufacture will be best 
understood after a consideration of the chemical changes upon which it 
depends. 

It has been seen that when sulphur is burnt in air, sulphurous acid is 
the chief product. When sulphuious acid acts upon hydrated nitric acid, 
in the presence of water, sulphuric acid and nitric oxide are formed— 

3SO, + + 2H,0 = 3(H.p.S03) + 2NO. 

Nitric oxide, in contact with air, combines with its oxygon to form 
nitric peroxide (NOj). 

If nitric peroxide is brought into contact with sulphurous acid and 
water, it is again converted into nitric oxide witii formation of sulphuric 
acid— 

NOj + SO, + H,0 = NO + Iip.SO,. 

It appears, therefore, that nitric oxide may be employed to absorb 
oxygen from the air, and to convey it to the sulphurous acid, so that 
theoretically, an unlimited quantity of sulphurous acid, supplied with air 
and water, might bo converted into sulphuric acid by a given quantity of 
nitnc oxide. 


To illuHtrate these important chemical principles of the manufacture of sulphuric 
acid, the following experiments may he performed:— 

I. A quart bottle of nitric oxide (p. 137) is placed mouth to nmuth with a pint 
bottle of oxygen, when both bottles will Iw filled with the red nitric peroxide. 

II. The quart bottle of this red gas is placed mouth to mouth with a quart bottle 
of sulphurous acid gas (fig. 209), u'hcn the red colour will soon di.4am)ear, and the 

sides of the bottles will be covered with a crystalline 
substance formed by the reaction between the nitric 
peroxide, the sulphurous acid, and the small quantity 
of water present in the gases. The true composition 
of this crystalline body is doubtful, but if, tor the 
purpose of the present reasoning, it ho regarded as 
2(1)10. S0j).H,O, its formation would be reiwesentcd 
by the equation— 

2NO, + 2SO, + HjO = 2(N0.S0,).H,0, 

III. A little water is shalcen round the insides of 
the bottles, when the crystalline compound will be 
decomposed with effervescence, evolving nitric oxide, 
and producing hydrated sulphuric acid— 

Fig. 209. 2(N0.S0,).H,0 + 11,0 = 2NO + 2(H,O.RO,). 



IV. Air* is blown into the bottles through a glass tube, when the presence of the 
nitric oxide will be proved by the formation of the red nitric peroxide. 

In the presence or abundance of water this crystdline compound is not prodneed, 
as may be shown by the following modification of the experiment. 

V. A large glass flask or globe (A, flg. 210) is fitted with a cork, through which 
are passed— 

(a) a tube connected, with a flask (D) containing^opper and strong solpharic acid, 
for evolving sulphuroos acid; 

(&) a tube connected with a flask (B) contaiamg copper and dilated nitric acid (sp. 
gr. 1'2) for supplying nitric oxide; 

(c) a tube prooming from a small flask (E) containing water. 

^'The operation is of course more striking if oxygen is employed instead of air, the 
globe being filled with oxygen by di^lscement at the commencemmit. 

■ff. ik 
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On applying a gentle heat to the flask containing nitric acid and copper, the nitric 
oxide passes into the globe and combines with the oxygw of the air, filling the 
globe with red nitric peroxide. 

The nitric oxide flask may then 
be removed. Sal])huric acid is 
then generated by heating the 
flask containing sulphuric acid 
and copper; the sulphurous acid 
will soon decolorise the red nitric 
peroxide, the contents of the 
globe becoming colourless, and 
the crystalline compound form¬ 
ing abundantly on the sides; the 
sulphurous acid flask may then 
bo removed. Sti'ain is sent into 
the globe from the flask contain¬ 
ing water, when the crystalline 
compound will be dissolved, and 
sulphuric acid will collect at the 
bottom of the globe. If air bo 
novr blown into the globe, the 
nitric oxide will ^ain acquire PiK- 210.—Prepiiration of sulphuric acid, 

the red colour of nitric proxide. 

If the experiment Iw repeated, the steam being introduced 8imultaneou.sly with 
the sulphurous acid, no crystalline compound whatever will be formed, the sulphurous 
acid being at once converted into hydrated sulphuric acid. 

Since the cork is somewhat corroded in this experiment, it is preferable to have 
the mouth of the flask ground and closed by a ground glass plate, perforated with 
holes for the passage of the tubes. The perforations are easily made by placing the 
glass plate flat against the wall and piercing it with the point of a revolving rat’s- 
tail file dipped in turpentine; the file is then gradually worked through the hole 
until the latter is of the required size. 

Tho process employed for the manufacture of English oil of vitriol will 
now bo easily understood. 

A series of chambers is constnicted of leaden plates, the edges of 
which are united by autogenous soldering (that is, hy fusing their edges, 
without solder, which would bo rapidly corroded by the acid vapours ); 
the leaden chamheis are supported and strengthened hy a framework of 
timber (tig. 211 ). 

The snlphuroua acid is generated hy burning sulpj^r or iron^p^tes in 
a suitable furnace (A) adjoming the chambers, and so arran^d" thafr- the 
sulphurous acid produced may bo mixed with about tho proper quantity 
of air to furnish the oxygen retjuired for its conversion into sulphuric 
acid. 

Nitric acid vtqwur is evolved from a mixture of nitrate of soda and oil 
of vitriol (see p. 131) contained in an iron pan wliich is heated by tho 
combustion of the sulphur, so that the nitric acid is caiTied into the cham¬ 
bers with the current of sulphtxrous acid and air. 

Water covers the floor of tho chambers to the depth of about two inches, 
and jets of steam are introduced at different parts from an adjacent 
boiler (B). 

The sulphurous acid acta upon the nitric acid vapour, in the presence ' 
of tho water, forming nitric; oxide and hydrated sulphuric acid, which 
rains down into the water on the floor of the chambers— » 

3SO, -t- H,O.KA + 2 H 3 O = 2NO + 3(H,O.SO,). v/ 

If this nitric oxide wore permitted to escape from the chambers, and a 
fresh quantity of nitric acid vapour introduced to oxidise another portion 
of sulphurous acid, it is evident that 2 molecules (170 parts by wei^^t) of 
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nitrate of soda would be required to furnish the nitric acid for tlw con¬ 
version .of-3 atoms (96 parts by weight) of sulphur, whereas, in practice, 
O.parts by weight only of niti’ate of soda are employed for 96 parts of 
'anlphur. 

For the nitric oxide (NO) at once acquires oxygen from the air ad¬ 
mitted together with the sulphurous acid, and becomes nitric peroxide 
(NO^, which oxidises more sulphurous acid in the presence of water, 
converting it into hydrated sulphuric acid— 

2SO, -I- 2NO, + 2H,0 = 2(HO.SO,) + 2NO. 

A great reduction in the volume of the gas in the chamber thus takes 
place (4 vols. SOj and 4 vols. NOj yielding 4 vols. NO), so that there 



Fig. 211<—Sulphuric acid chambers. 

is room for the introduction of a fresh quantity of the mixture of sul¬ 
phurous acid and air from the furnace, upon which thenitnc oxide acts 
as before, taking up the oxygen from the aif and handing it over to the 
sulphurous acid, in the presence of water, to produce a fresh supply of 
hydrated sulphuric acid. 

1 But the nitrogen of the air takes no psurt in these changes, and since 
the oxygen consumed in converting the sulphur into sulphuric acid is 
accompanied^ by,. Wr times its volume of nitrogen, a very large accumula- 
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tion of this gas. takes place in the chamhexs, and provision innst he made 
for Its removal in order to allow space for those gases which take part in 
the change. The obvious plan would appear to he the erection of a simple 
chimney, for the escape of the nitrogen at the opposite end of the chamber 
to that at which the sulphurous acid and air enter it; and this plan was 
formerly adopted, but the nitrogen carries off with it a portion of the 
nitric oxide which is so valuable in the chamber, and to save this the 
escaping nitrogen is now generally passed through a leaden chamber (C) 
filled with coke, over which oil of vitriol is allowed to trickle j the oil of 
vitriol absorbs the nitric oxide, and flows into a cistern (D), from which 
it is pumped up to the top of another chamber (E) hll^ with coke, or 
arranged with shelves in cascade, through which the hot sulphurous acid 
and air are made to pass as they enter, when they take up the nitric oxide 
from the oil of vitriol, and carry it with them into the chamber. 

Before the introduction of this plan of retaining the nitric oxide by oil 
of vitriol, it required a quantity of nitrate of soda amounting to 4th or 
^*jth of the weight of the sulphur to convert it into sulphuric acid, w Weas 
about often made to suffice. 

The sulphmic acid is allowed to collect on the floor of the chamber 
until it has a specific gravity of about 1'6, and contains 70 per^nt. of oil 
of vitriol (HgO.SOj. If it were allowed to become more concentrated 
than this, it would absorb some of the nitric oxide in the chamber, so 
that it is i»ow drawn off. 

This acid is quite strong enough for some of the applications of sul¬ 
phuric acid, particularly for that which consumes the laigest quantity in 
this country, viz., the conversion of common salt into sulphate of soda as 
a preliminary step in the manufacture of carbonate of soda. To save the 
expense of transporting tlie acid for this purpose, the vitriol cham1)erf> 
form part of the plant of the .alkali works. 

To convert this weak acid into the ordinary oil of vitriol of commerce, 
it is run off into shallow leaden pans set in brickwork, and supported on 
iron bars over the flue of a furnace, where it is heated until so much 
water has evaporated that the specific gravity of the acid has increased to 
I •72. The concentration cannot be carried further in leaden pan.s, 
because the strong acid acts upon the load, and converts it into sulphate— 

2{ir20.S03) + Pb = PbO.SO, + 211,0 + SO,. 

The acid of 1 "72 sp. gr. contains about 80 per cent, of true oil of vitriol 
(HjO.SOg), and is largely employed for making superphosphate of lime, 
and in other rough chemical manufactures. It is technically called brown 
acid, having acquired a biwvn colour frf)m orgeonic matter accidentally 
present in it. 

To convert this bi-own acid into commercial oil of vitriol, it is boiled 
down,'either in glass retorts or platinum stills, when water distils over, 
accompanied by a little sulphuric acid, and the acid in the retort becomes 
colourless, the brown carbonaceous matter being oxidised by the strong 
sulphuric acid, with formation of carbonic and sulphurous acids. When 
dense white fumes of oil of vitriol begin to pass over, showing that all 
the superfluous water h^.been expelled, the acid is drawn off by a 
siphon. 

The very diluted acid which distils ofF is employed instead of water on 
the floor of the leaden chamber. 
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. Tbe coat pf the acid is verjr much incFeased by this concentration. It cannot I)e 
ocuadaoted in open vessels, partlr on accoant of tne loss of snlphuric acid, partly he- 
cause concentrated aulphniic acid absorbs moisture from the open air even at the 
boiling point. The loss by breakage of the glass retorts is veir considerable, althou^ 
it is rrauced as far as possible by heating them in sand, and keeping them always at 
about the same temperature by supplying them with hot acid. But the boiling 
point of the concentrated acid Is very high (640° F.), and the retorts consequently 
become so hot that a current of cold air or an accident^ splash of acid will frequently 
crack them at once. Moreover the acid boils with suecmaion or violent bumping, 
caused by sudden bursts of vapour, which endanger the safety of the retort. 

With platinum stills the risk of fracture is avoided, and the distillation may be 
conducted more rapidly, the brown acid (sp. gr. 172) being admitted at the top, 
and the oil of vitriol (sp. gr. 1*84) drawn off by a platinum siphon from the bottom 
of the still, which is protected from the open fire by an iron jacket. But since a 
platinum still will cost £2000 or £3000, the interest upon its value increases the 
cost of production of the acid. 

When the perfectly pure acid is required, it is actually distilled over so as to leave 
the solid impurities (sulphate of lead, &c.,) behind in the retort. Some fragments 
of rock crys^ should be introduced into the retort to moderate the bursts of vapour, 
and heat applied by a ring gas-burner with somewhat divergent jets. 


Divosted of working details, this most important chemical manufacture 
may be thus described:— 

A mixlnire of sulphurous acid, air, steam, and a little vapour of nitric 
acid, is imroduced into a leaden chamber rTmtainjppr a layor of wa ter. 
The nitric acid is reduced by the sulphurous acid to the state of nitric 
oxide (NO), which takes up oxygen from the air (forming NO,), and 
gives it to the sulphurous acid, which it converts into sulphuric acid. 
This is absorbed by the water, forming diluted sulphuric acid, which is 
concentrated.-by evajMjration, first in leaden pans, and afterwanis in 
glass retorts or platinum stills. 

, Properties of oil of vitriol .—The properties of concentrated sulphuric 
acid are very characteristic. Its great weight (sp. gr. 1 *842), freedom 
from odour, and oily appearance, distinguish it from any other liquid 
commonly met with, which is fortunate, because it is difficult to preserve 
a label upon the bottles of this powerfully corrosive acid. Although, if 
absolutely pure, it is perfectly colourless, the ordinary acid used in tlm 
laboratory has a peculiar grey colour, due to traces of organic matter. Its 
high boiHng-jjgiat (640° JF,)..has been already noticed; and although its 
vapour is perfectly transparent in the vessel in which the acid is boiled, 
as soon as it issues into the air it condenses into voluminous dense clouds 


of a most irritating description. Even a drop of the acid evaporated iif 
an open dish will fill a lai^e space with these clouds. Oil of vitriol 
; solidifies when cooled to about - 30® F., but the acid once solidified re- 


' quires a much higher temperature to liquefy it again. Oil of vitriol 
rapidly corrodes the skin and other organic textures upon which it falla) 
usually charring or blackening them at the same time. Poured upon a 
piece of wood, the latter speedily asamnes a dark brown colour; and if a 
few lumps of sugar be dissolved in a very little water, and stirred with 
oil of vitriol, a violent action takes place, and a semi-solid black mass is 
produced. This property of sulphuric acid is turned to account in the 
, manufacture of blacking, in which treacle aftd oil of vitriol are employed, 
j These effects are to be ascribed to the powerihl attraction of oU of vitriol 
for water. Woody fibre (CgHj^Oj) (which composes the bulk of wood, 
paper, and linen), and sugar, regarded, for the pur- 

p($e of this explanation, os composed of carbon associated with 5 and 11 



ACTION OF SULPHURIC ACID ON METALS. 209 

molecules of water, and any cause tending to remove the water would 
tend to eliminate the carbon. 

The great attraction of this acid for water is shown by the high tempe¬ 
rature (often exceeding the boiling point of water) produced on mixing 
I oil of vitriol with water, which renders it necessary to be careful in ddut- 
' ing the acid. 

The water should he placed in a jug, and the oil of vitriol poured into it in a thin 
stream, a ghiss rotl being used to mix the acid with the water as it flows in. Ordi¬ 
nary oil of vitriol becomes turbid when mixed with water, from the separation of 
sulphate of lead (formed frani the evaporating pans), which is soluble in tlie concen- 
tiated but not in the diluted acid, so that if the latter be allowed to stand for a few 
hours, the sulphate of lead settles to the bottom, and the «:lear acid may he jtoiued 
off free from load. Diluted Bulj)huric acid has a smaller bulk than is oeenpied by 
the acid and water before mixing. 

Even when largely dilated, sulphuric acid corrodes textile fabrics very 
rajndly, and though the acid be too dilute to appear to injure them at 
iirst, it will be found that the watpr evaporates by degrees, leaving the 
lu'id in a more concentratetl state, and tlie fibre is then perfectly rotten. 

! The same result ensues at once on the application of heat; thus, if charac- 
yters he written on paper Avith the diluted acid, they will reuuun invisible 
•suntil the paper is held to the fire, when the ai;id will char the paiier, and 
/the writing will appear intensely black. 

^ If oil of vitriol be left exposed to the air in an open vessel, it very soon 
increases largely in hulk from the ahsori)tiou of water, and a fiat dish of 
oil of vitriol under a glass shade (tig. 212) is frc(piently employed in the 
laboratory for drying substances Avith- 
out the assistance of heat. Tlie diying 
is of course much accelei^.efl by plac¬ 
ing the dish on the ]>lato of an air- 
pump, and exhausting the air from 
the shade, so as to effect the ilrying 
' in racun. It Avill be 1 ‘emembercvl 
also that oil of vitriol is in constant 
use for drying gases, 

! At a red heat, the vapour of oil 
of vitriol is decomposed into Avater, pjg 212.-Drying over oil of vitriol, 
sulphurous acid, and oxygen— 

H,0.S03 - Up -f- SO3 O. 

I'his decomposition takes place most easily Avhen the wipour is passed 
through a strongly heated tube of platinum, and it has been taken advan¬ 
tage of for the preparation of oxygen, the sulphurous acid being absorbed 
by passing the mixed gases through lime. licflecting upon the manufac¬ 
ture of oil of vitriol, it Avill bo imrcoived that the oxygen thus obtained 
Avas originally derived from the air. 

When sulphur is boiled Avith oil of vitriol, the latter gradi.ially dissolves 
the molted sulphur, converting it into sulphurous acid 
S + 2(IiPiSO,) = 3BO, + 2Iip. 

All ordinary metals are acted upon by concentrated sulphuric acid when 
heated, except gold and platinum (this last even does not quite escape 
when long boUod with the acid), tlie metal being oxidised by one portion 
of the acid, which is thus conA'erted into sulphurous acid, the oxide com¬ 
bining with another part of the sulphuric acid to form a sulphate. Thus, 

0 
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when silver is boiled with strong sulphuric acid, it is converted into sul¬ 
phate of silver, which is soluble in hot water— 

Agj + 2(H,0.S08) = Ag, 0 .S 03 + 2HjO + SOj. 

Should the silver contain any gold, it is left behind in the form of a dark 
powder. Sulphuric acid is extensively employed for the separation or 
, parting of silver and gold. This acid is also employed for extracting gold 
' from copper; and when sulphate of copper is manufactured by dissolving 
that meM in sulphuric acid (sec p. 199), large quantities of gold are 
sometimes extracted from the accumulated residue left undissolved by the 
acid. If tlio sulphuric acid contains nitric acid, it dissolves a considerable 
quantity of gold, which separates again in the form of a purple powder 
when the acid is diluted with water, the sulphate of gold formed being 
reduced by the nitrous acid when the solution is diluted. 

Some of the uses of sulphuric acid depend upon its specific action on 
certain organic substances, the nature^of which has not yet been clearly 
explained. Of this kind is the conversion of paper into vegetable parch- 
' mont by immersion in a cool mixture of two measures of oil of vitriol and 
; one measure of water, and subse<iuent washing. The conversion is not 
attended by any change in the weight of the paper. 

IJeside oil of vitriol, sulphuric acid forms other definite combinations 
with water. Jly evaporating diluted sulphuric acid in vacuo at 212° F., 
an acid is left which has the composition ir^C).SO,.211,^0 (sp. gr. 1'63). 
If this acid be evaporated in air at 400° F., as long as steam escapes, the 
remaining acid has the composition Ilj0.S0 ,.I£20 (sp. gr. 1*78). This 
acid is called glacial sulphuric acid, because it solidifies to a mass of ice¬ 
like cr}'stais at 47° F. 

145. Anhydrous sulphuric acid or sulphuric anhydritle. —The mode of 
preparing this substance from the fuming sulphuric acid luis already been 
noticed. It is more commonly obtained by expelling the water from bi¬ 
sulphate of soda (Na/).Hjj0.2S0,,) by fusing it at a dull red heat, and 
afterwards distilling the anhydrous bisulphate (N'aj0.2S0,) in au earthen 
retort, when neutral sulphate of soda (Na/l.SO;,) is left, and the anhydrous 
sulphuric acid passing off as vapour may be condensed in a receiver cooled 
by ice. 

Anhydrous sulphuric acid forms a white mass of crystals resembling 
asbestos j it fumes when exposed to air,'since it emits vapour wliich con¬ 
denses the moisture of the air, and it soon deliquesces from absorption of 
water, becoming hydrated sulphuric acid. When thrown into water it 
hisses like rod-hot iron, from the sudden formation of steam. It fuses at 
65° F., and boils at 110° F. The vapour is decomposed, as mentioned 
above, into sulphurous acid and oxygen, when passed through a red-hot 
tube. Phosphorus burns in its vapour, combining with the oxygen and 
liberating sulphur. Ilaryta glows when heated in the vapour of anhydrous 
sulphuric acid, and combines with it to form sulphate of baryta. 

Anhydrous sulphuric acid is capable of combining with olefiant gas 
(CallJ and oil-gas (C^Hg), and absorbs these from mixtures of gases. 
In the analysis of coal-gas, a fragment of coke wetted with Nordhausen 
sulphuric acid is passed up into a measured volume of the gas standing 
over mercury, to absorb these illuminating hydrocarbons. 

^^An interesting method of obtaining the anhydrous sulphuric acid con- 
aists in pouring 2.part8 by weight of oil of vitriol over 3 parts of anhydrous 
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phosphoric acid, contained in a retort cooled in ice and salt, and after¬ 
wards distilling at a gentle heat, when the phosphoric acid retains the 
water, and the anhydrous sulphuric acid may be condensed in a cooled 
receiver. 

IktmnivMim of the composition of sulphuric (md and oil of vitriol. —When 82 
grains (one atomic weight) of sulphur are oxidised by boiling with nitric acid, tlie 
excess of nitric acid expelled by a moderate heat, the remaining hydrated sulphuric 
acid mixed with an excess of pure oxide of lead of known weight, say 300 mains, 
and all the water expelled by a high temperature, the mixture of sulphate and oxide 
of lead which is left is found to weigh 380 grains, showing that 32 Jjarts of sulphur 
have combined with oxygen from the nitric acid to form 80 grains of sulphuric acid. 
Hence the sulphuric acid contains 32 grains of sulphur and 48 grains of oxygen, cor* 
reloading to the formula SO 3 . 

The vapour of is found to be 43 times as heavy as hydrogen, which would give 86 
for its molecular weight (p. 36). By treating a known wc^ht of oil of vitriol with an 
excess of oxide of lead, and exjielling the water by heat, it is found that 80 CTains of 
SOj are combined with 18 grains of water. Hence oil of vitriol contains HgO.SO,. 
Its vapour, therefore, should be 49 times as heavy as hydrogen ; but experiment 
shows it to be only 24 times as heavy (at 880'’ F.); this appears to be due to the 
temporary decomposition (or dissociation) of the two vohmics of oil of vitriol into two 
volumes of water and two volumes of sulxihuric acid. 'I'his deprives us of the usual 
evidence as to the molecular weight of a compound. 

On examining the behaviour of oil of vitriol with caustic potash or soda, it is 
found that two salts of each alkali may be obtained, a sulphate and a bisulphatc ; 
thus the sulphate of potash is KjO.BO^, or KjSO^, mid the bisulphatc is KjO.HjO, 
2 S 03 or KHO.SOg, or KHSO 4 , showing that the hydrogen can be replaced by halves, 
ami that therefore at least two atoms of hydrogen must be contained ih the molecule 
of oil of viti-iol. The presence of these two atoms of hydrogen replaceable by a 
iiietai is implied by saying that the oil of vitriol is a dilxtsic or 1/ibasie acid. 

146. Adion of mljiJiurie ncki upon nteiallir, oxides .—At 

common tcnipenitiirei3 sulphuric acid has a more powerful attraction for 
})ases than any other acid, and is therefore capable of displacing all other 
acids from their salts; many cases will be remembered in wdiich this power 
of sulphuric acid is turned to account. 

So great is the acid energy of siilphuric acid, that when it is allowed 
to act upon an inditibrent or acid metallic oxide, it causes the separation 
of a part of the oxygen, and combines with the basic, oxide so prodxiced. 
Advantage is sometimes taken of this cii'cumstance for the preparation of 
oxygen; for instance, when binoxide of manganese is heated with sul¬ 
phuric acid, sulphate of manganese is produced, and oxygen disengaged. 

MnOg + II 3 O.SO 3 ^ MnO.SO, + 0 + H„C). 

Again, if chromic acid be treated in the same way, sulphate of sesquioxide 
of chromium will be produced, with liberation of oxygen— 

2Cr03 + 3(H30.8C)3) = Cr^Og-SSOg + O, + 3H.p. 

A mixture of bichromate of potash (ICp.^CrOg) and sulphuric acid is 
sometimes used Jis a source of oxygen. 

Many bases are capable of forming two salts Avith sulphuric acid, a 
neutral sulphate and an acid sulphate. The acid sulphates may be repre¬ 
sented as compounds of the neutral sulphates Avith hydrated sulphuric 
acid; thus, the neutral sulphate of potash is KgO.SO,, and the bisulphate 
is KjO.SOj, HjO.SO.,. The latter, being a solid salt Avhich possesses, at 
high temperatures, almost all the acid energy of sulphuric acid, is most 
useful in blowpipe and metallurgic experiments. When strongly heated, 
this salt parts with hydrated sulphuric acid, and neutral sulplmte of pot¬ 
ash is left. It has been seen that bisulphate of soda (Na^O.SO,, HjO.SOg) 
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parts with its water when heated, and becomes KajO.SSOj,. Crystals 
of anhydrous hisnlphate of potash K,j 0 . 2 S 03 have also been obtained. 

Sulphuric acid forms a large number of double salts in which two sul¬ 
phates are combined together. The large class of alums yields examples 
of these, in which one of the sulphates contains an alkaline base, and the 
other a basic sesquioxide. " Potasli-almn, for example, is represented by 
the formula K5,O.SO.,Al,Os.3SOj.24Aq, being a double sulphate of alu- 
.. mina and potash. 

•) The following table exliibits the composition of the sulphates most 
frequently met with:— 


ClM'iiilciil Name. 


^ulpliate of potash 
Sulphate of soda 
Bisulphate of potasli 
Sulphate of am¬ 
nion ia 

Sul))hate of baryta 
Sulphate of lim<‘ 
.Sulphate of mag- | 
nesia * I 
! Double .sulpliato j 
of alumina and : 
potash j 

Double suljihate j 


of alumina and 
ammonia 
Double ,8ulpbate 
of chromium 
and potash 

Sulphate of iron 

Su1ph:ttc of man 
ganese 

Sul]>hate of ;!inc 
Sulphate of lead 
Sulphate of copper 


Cniiiiimn N.une. 

Ad<l!tiv<‘ Furiniila. 

SnMltultvi; Fuiiiiiila. 

Sal polycbresl 
Glauljcr’s Salt 

K/l.SOg 

NajO.SOj-lOlI./) 

KjSO* I 

^^aaSt)*.10H2O 1 


K,(LSO„, H.^O.S03 

KIISO, 


2NH3.Tr.,0 SG., 

(NH3VSO3 

llravy spar 
Gypsuiu 

llaO SO,, 

C!i0.S<\.21I,O 

BnSO^ 

CuSO*. 21140 

Epsom salt.'? 

MgO.SOs.7ll..O 

Mg^^O^./lIjO 

Potash-alum | 

K.,O.SO,„ 1 

Al2O3.3SO3.2-i I l„o ^ 

lv.y2S0,.121!..O 

A inmonia- j 
alum / 

2NH,.II.O..‘<03. ■> 

AV)j.3S03.24U,/) J 

Nil3Al2S0^.12H,30 

('hroiiic- 1 

uium I 

K2O.SO3, ) 

KGr 2S03.12 II.,o 

Gn’cuvittiol } 
(’<»l>peras ^ 

FCO.S03.7H..O 

EeS03.7H40 


iMn0.SO3.r)H.,o 

MnSO4.5iI.3O 

Whitr vitriol 

ZiiO.SOj.7H„o 

ZmSUj. 71140 

Blue vitriol 1 
Blur sto'io f 

PbO.SOj 

t'lio.st >3.511.30 

l’bS04 

('u.S(),. 5 Il 40 


In consequence of the tendency of sulpliuric acid to break up into siil- 
plmrous acid and oxygen at a high temperature, most of the sulphates are 
decomposed by beat j sulphate of copper, for example, when very strongly 
heated, leaves oxide of copper, whilst sulphurous acid and (fxygen oscai>e; 
CuO.SOj *= CuO + SOj + 0. Sulphate of iron is more easily decom¬ 
posed, because of the attraction of the protoxide of iron for the oxygen, 
with which it combines to form sesquioxide— 

2 (Fefl.S 03 ) = FeA -t- Sf)^, 

part of the acid escaping in tlie anhydrous state. 

Sulphate of zinc (ZnO.SOg) has been proposed as a source of oxygen 
upon the large scale, since it is a very cheap salt, and when strongly 
♦boated, yields a residue of oxide of zinc which is useful as a white paint, 
whilst sulphurous acid and oxygen gases escape, the former of which may 
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absorbed by lime or soda, yielding sulphites \rhich arc useful in the 
arts. 

^ The neutral sulphates of potash, soda, baryta, strontia, lime, and oxide 
'foi lead are not decomposed by heat, and sulphate of magnesia is only 
i partly decomposed at a very high temperature. 

■ When a sulphate is heat^ with charcoal, the carbon removes tlie whole 
of the oxygen, and a sulphide of the metal remains, thus— 



Even at the onlinary temperature, sulphate of lime in solution is some¬ 
times deoxidised by organic matter; this may occasionally be noticed in 
well and river waters when kept in closed vessels; they acquire a strong 
smell of hydrosulphuric acid, in consc(j[Ucnee of tlie conveision of a part 
of the sulphate of lime into sulphide of calcium by the organic ccmsli- 
tucnts of the water, and the subsequent decomposition of the sulphide of 
calcium by tlie carbonic acid present in the water. 

147. acid *—This acid has not lieen obtained cither 

in the anhydrous state or in combination with -water; but as many salts 
are known which contain, in addition to a metallic oxide, sulphur and 
oxygen in the proportions exijressed by the formula S/)., many chemists 
assume the existence of hyposulplnxrous acid, having tliat composition, in 
such salts, which are therefore called JiiijhtKiifjthifeit. 

The ht/jmitlphif(’ of ttnda is by far the most important of these salts, 
being xary largel}' employed in plxotography, and as a substitute for 
sulphite of soda as an ardichlorc. I'he simplest method of preparing it 
consists in dig('.sting pow'dered roll sulphur witli solution of sulphite of 
soda (!Naj,0,80„), when the latter <lissoIvcs an atom ofsulphur and becomes 
hyposulphite of soda (NajO.S^Oo or Na„S/).,), which erystallises from the 
solution, wdien sxiHicieutly evaporated, in fine prismatic crystals, having 
the formula lS'a>S.t),.r)H.t*). 

On a large scale, the hyposulphite of soda is more economically prepared 
from the hyposulphite, of lime obtained by exposing the refuse {ffniJc-im^if 
or mdii-icastc) of tlie alkali-works to the air for souu' lays. This refuse 
contains a large proportion of sulphide of cahuiun, which becomes con¬ 
verted into hyposulphite of lime by oxidation— 

2CalS -f 0^ - + CaO. 

The hypc»suli)hite of lime is dissolved out by water, and tlie solution 
mixed with carbonate of soda, wlien carbonate of lime is precipitated 
and hyposulphite of soda remains in solution— 

CaSA + Na,O.CO, = CaO.CO, -h Na^Sp,. 

Tlie most remarkable and useful i)roperty of the hyposulphite of soda is 
that of dissolving tins chloride and iodide of silver, which are insoluble in 
■water and most other-liquids. 

On mixing a solution of nitrate of silver with one of chloride of sodium, a white 
precitutate of chloride of silver is hhtained, the senaration of which is ninch promoted 
by storing the liquid; AgNOg + NaCl = AgCl + NaNO*. The precipitate may 
lie allowed to settle and washed twice or thrice by decantation. One portion of the 
chloride of silver is transferred to another glass, mixed with water, and solution of 
hyposulphite of soda added by degrees. The chloride of silver is very easily dis¬ 
solved, yielding an intensely sweet solution, which contains the hyposulphite of 

• 'IVd, under, eoiitaiuing le.«!s oxygen than sulplnirons acid. 
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silver, produced by double decompoattion. between'the chloride of silver and hyp# 
sulphite of soda— ■" . 

2AgCl + NajS^Og = 2NaCl + Ag 2 Sg 03 

Chloride of Hypoeolphito of Chloride of HypoeuIphUe of 
silver. soda. sodium. diver. 

The hyposulphite of silver combines with the excess of hyposulphite of soda to 
form the double salt Ag.jSj, 08 . 2 {NagSa 03 ), which may be obtain^ in extremely 
sweet crystals from the solution. 

If the other portion of the chloride of silver be exposed to the action of light, and 
especially of direct snnligh^ it assumes by degrees a dark slate colour, from the for¬ 
mation of subchloride of silver, chlorine being set free; 2AgCl = Ags-Cl + Cl. By 
treating this darkened chloride of silver with liyposulphite of soda, as before, the un¬ 
altered chloride of silver will be entirely dis-solved, but the subchloridc will be decom¬ 
posed into chloride of silver, which dissolves in the hyiwsulphite, and metallic silver, 
which is left in a very finely divided state as a black powder; AgaCl = AgCl •+• Ag. 
i’he application of these facts in photography is well illustrated by the following 
experiments. A sheet of paper is soaked for a minute or two in a solution of 10 
grains of common salt in an ounce of water contained in a fiat dish. It is then 
dried, and soaked for three minutes in a solution of 60 grains of nitrate of silver in 
an ounce of water. The paper thus becomes impregnated with chloride of silver 
fonned by the decomposition between the chloride of sodium and the nitrate of 
silver. It is now hung up in a dark place to dry. If a piece of lace, or a fern leaf, 
or an engraving on thin pajier, with well marked contrast of light and shade, be 
laid u|ion a sheet of the prepared paper, pressed down upon it by a plate of gloss, 
and exposed for a short time to sunlight, a j)erfcct representation of the object will 
be obtained, those parts of the sensitive paiwr to which the light had access having 
been darkened by the formation of subchloridc of silver, whilst those parts which 
were protected from the light remain unchanged. 

But if this photograjihic print were again exposed to the action of light, it would 
soon be obliterated, the unaltered chloride of silver in the while parts being acted 
on by light in ihs turn. The print is therefore Jiu^rd by soaking it for a short time 
in a saturated solution of hyposulphite of soda, which dissolves the white unaltered 
chloride of silver entirely, and decotn])oses the subehloride fonned by the action of 
light, leaving the black lincly-dividod luctallio silver in the paper. The print should 
now be washed for two or three hours in a gentle .stream of water, to remove all the 
hyposulphite of silver, when it will bo ipiito permanent. 

The power of hyposulphite of soda to dissolve chloride of silver has 
also been turned to account for extracting that metal from its ores, in 
which it is occasionally present in the form of chloride. 

The behaviour of solution of hyposulphite of soda Avith powerful acids 
explains the circumstance that the hyposulphurous acid has not been 
isolated, for if the solution he mixed with a little diluted sulphuric or 
hydrochloric acid, it remains clear for a few seconds, and then hocomes 
suddenly turbid from the separation of sulphur, at the same time evolving 
a powerful odour of sulphurous acid ; SjO^ = S SOj. This disposi 
tion of the hyposulphurous acid to break up into sulphurous acid and 
sulphur also explains the precipitation of metallic sulphides, which often 
takes place when hyposulphite of soda is added to the acid solutions of 
the metals. Thus if an acid solution of chloride of antimony (obtained 
by boiling crude antimony ore (Sb^Sg) with hydrocliloric acid) bo added to 
a boiling solution of hyposulphite of soda, the sulphur separated from the 
hyposulphurous acid combines with the antimony to form a fine orange- 
red precipitate of sulphide of antimony (ShjSJ, wliich is used in painting 
under the name of aniimony vermilim. On the large scale the solution of 
hyposulphite of lime obtained from the alkali waste is employed in the pre- 
jjaration of antimony vermilion, as being less expensive than the soda- 
•* salt. 

Instead of adding sulphur to sulphurous acid, hyposulphurous acid in 
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combination may be obtameil by,ramoving oxygen from the former acid. 
Thus if an aqueous solution of .solphurous acid be acted on by zinc, one 
portion of the acid is deoxidised and converted mto hyposulphurous acid, 
which combines with the oxide of zinc— 

3SOj + Zn^ = ZnO.SOj + ZnSjOj . 

The presence of hyposulphite in the solution may bo proved by adding 
hydrochloric acid. 

When crystals of hyposulphite of soda are heated in the air, they first 
fuse in their water of crystallisation, then dry up to a white mass, which 
burns with a blue flame, leaving a residue of sulphate of soda. If heated 
out of contact with air, pentasulphide of sodium will be left with the sul¬ 
phate of soda— 

4(Na,S,0a5H,0) = 2011,0 + 3(Ka,0.S03) + Na^So- 

Some of the reactions of hyposulphite of soda become more intelligible 
when the salt is represented as sulphate of soda (Xa,SOJ in which an 
atom of sulphur has displaced an atom of oxygen (SaJ^Op). 

148. tfifjwsul 2 >htiric aeid or dUhirndc acid (HnSgOg) Ims not at present acquired 
any jtractical importance, and has not been obtained iu the anhydrous state. To 
]irepare a solution of the acid, hinuxide of manganese in a state of fine division is 
suspended in water and ex])osed to a current of sulphurous acid gas, the water being 
kept very cold whilst the gas is ]>assing. A solution of hy{>osulphate of nianganc&e 
is thus obtained ; 280, + MnO, = MnSgf)^. Some sulphate of manganese is always 
formed at the same time ; St>, + MnO« - MnO.SOg, and if the temperature be 
allowed to rise, this will be produced in large ijuantity. 

The solution cuittaining suli>hate and liyposuljdiate of manganese is decomposed 
hy solution of baryta (baryta-water), wlieii the oxide of manganese is precipitated, 
together with sulpliate of baiyta, and hyposulphate of barvta is left in solution. To 
the tiltered solution diluted 8ul))hui'ic aeid is carefully added until all the baryta is 
precipitated as suljdiate of baryta, when the solution of hyiiosiiliihuric acid is filtered 
nir and evaporated in curiio over oil of vitriol. It forms a colourless inodorous liquid, 
wliich is decomposed when heated, into hydrated siil]»huric and su]]>huruus acids; 

- llaO.SOj, + 80j.. Oxidising agents (nitric acid, chlorine, &c.) convert it 
iiitn siiiphiiric acid. 

The /iii/tomiphaft's are not of any practical importance ; they are all soluble, and 
are decomposed by lieat, leaving sulphates, and evolving sulphurous aeid. 

149. TrilhimUe acid (HjSjOfl), or sulphuretted hijposulphurk acid, is also a practi¬ 
cally unimjmrlant acid, not known iu the anhydrous state. Its h)-drate is prepared 
from the tritbionate of jiotjish, which is formed hy boiling a strong solution of bisul- 

t diitu of ]x>tash with sulphur until the solution becomes colourless, and filtering the 
lot solution from any nmlissolved sulphur— 

8 (KaO.Ha 0 . 2 SOs) -t S = 2 (KsS 30 «) + K,(hSO, + SIIjO. 

lUiiuIi>liite of potash. Trilliionatc of potash, 

Tlte solution deposits trithionatc of pota.sh in prismatic crystals. By dissolving these 
iu water, arid decoia|>osiug the solution with perchloric acid, the |>otash is j^recipi- 
tated as perchlorate, and a solution of trithionic acid is produced, from which tlic 
liydrat<}d aeid has been obtained in crystals. It is, however, very unstable, being 
easily resolved into sulphurous acid, sulphuric acid, and free sulphur— 

HjSgO, = Ila 0 .S 03 -f SO, -f S. 

ICO. TetraMonicacid, or lisal})Jmrettedhi/posulphuricacid (HjS^O,)israthermore 
stable than the ])receding acid, though equally devoid of practical importance. It is 
formed when hyposulphite of baryte, suspend^ in a little water, is treated with 
iodine, when tetraibiouate of baryta is obtained in crystals— 

2 (BaS 303 ) + Ij - Hal, + BaS,(\. 

HjipoiiUlphilc liidide of Tctiathionnte 

of baiylH. barium, of baryta. 
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PBEPAKATION OF BISULPHIDE OF CARBON. 


By exactly OTccipitating the baryta from a solution of the tetrathionate by Edi¬ 
tion of dilute sulpburic acid, the solution of tetrathionic acid may be obtained. 
When the solution is boiled, it is decomposed into sulphuric and sulphurous acids 
and free sulphur; HjS^Og = HjO.SO, + SO- + Sj. 

When solution of perchlorido of iirni is -added to hyposulphite of soda, a fine purple 
colour is at first produced, which speedily vanishes, leaving a colourless solution. 
The purple colour appears to be due to the formation of the hyposulphite of sosqui- 
oxide of iron, which speedily decomposes, the ultimate result being expressed by the 
equation— 

FejCl. + 2 (Na 4 S-Os) = Na,S*0, + 2 FeCl, + 2 NaCl. 

Perclilondo Uyiiosulpnitc TetratWonste Chloride of Chloride of 
of of soda. of soda. iron. sodium. 


151. Pentathionie acid (HjSjOg) possesses some interest as resulting from the action 
of sulphuretted liydrogen upon sulphurons acid, when much sulphur is deposited, 
and pentathionie acid remains in solution— 

6 H,S + 6 SO, = HgSgOg + 4H,0 + S*. 

Pentathionie ncld. 


To obtain a concentrated solution of the acid, sulphuretted hydrogen and sulphurous 
acid are passed alternately through the same portion of watar until a large deposi¬ 
tion of sulphur has taken place. This is allowed some hours to settle; the clear 
liquid poured oft' and the solution concentratctl by evaporation, fvi-st over a water- 
bath, and, finally, in rac,uo, over oil of vitriol, fora concentrated solution of pentalhi- 
onic acid is decomposed by heat into sulphuric and sulphurous acids, witli separation 
of sulphur ; HgSgOg = HgO.SDg + SOj -I- 
The true constitution of the preceding (jmlyfhionic) acids is not yet understood, 
but it may assist the memory to retain the usual‘mode of decomposition of the acids 
if they are represented as derived fi‘om oil of vitriol by successive, additions of sulphu¬ 
rous acid and sul])hnr, thus — 


Oil of vitriol, 
Hyjiosulphuric acid, 
Trithionic ,, 

Tetrathionic ,, 

Pentathionie ,, 


H.O.SOg 
JLO.Stb.SO, 


=HaSO, 

-HAO.) 


H„O.SO.,.S().‘S =HA‘V. 
H O.S()g.S(VSj-ll.A‘>r. 
H 0.S()^.S0,.S3-1JA‘>« 


JllSULPUlDK OF CaUJION. f . * . 

€ 82=76 parts by weight. : 

162. This very important comijound (also called hittulphni'd of mrhvn) 
is found in small quantity among the products of destructive distillation 
of coal, and is very largely manufactured for use as a so lventi or sulphur, 
phosphorus, caouteljouc, fatty matters, t%:c. .It is on^ of the few com¬ 
pounds of carbon which can he obtained by the direct union of their 
elements, and is prepared by passing vapour of sulphur over charcoal 
heated to redness. 

In small quantity, bisulphide of carbon is easily prepared in a tube of German 
glass (combustion-tube) about two feet long and hulf-an-inch in diameter (fig. 213). 



Fig. 213. 

This tube is closed at one end, and a few fragments of snlpliur dropjKid into it, so 
as tfc occupy two or three inches. The rest of the tube is lilled up with small frag- 
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inents of recently calcined wood charcoal. The tube is placed in a combustion* 
furnace, and its open end connected by a perforated cork with a glass tube, which 
dips just below the surface of water contained in a bottle placed in a vessel of very 
cold water. That part of the tube which contains tlie charcoal is first surrounded 
with red-hot charcoal, and when it is heated to redness, a little red-hot cliarcoal is 
placed near the end containing the sulphur (hitherto protected by a sheet-iron screen), 
so that the vapour of sulphur may bo slowly passed over the red-hot charcoal, llie 
bisulphide of carbon being insoluble in water, and much heavier (sp, gr. 1‘27), is 
ilepositcd beneath the water in the receiver. To purify the bisulphide of carbon 
from the water and the excess of sulphur which is dei>osited with it, the water is 
carefully drawn oH' w’ith a small siphon, the bisulphide of carbon transferred to a 
tlask.^^aud a few fragments of chloride of calcium dropped into it to .absorb the water. 
A bent tube connected with a Liebig’s con¬ 
denser, or with a worm, is attached to the 
Hask (fig. 214) by a |M;rforated cork, and tlie 
flask is gently heated in a water bath, when the 
bisulphide of carbon is distilled over as a perfectly 
colourless liquid. The inflammability of the 
bisulphide of carbon renders great care necessary. 

On a large scale, a fire-clay retort is 
filled avitli fragments of charcoal and 
heated to redness, pieces of snlphnr being 
occasionally dropped in through an earthen¬ 
ware tube passing to the liottom of tlie 
retort. When very large quantities are 
made, coke is employed, and the v.apour 
of sulphur is ohtaiiiecl from iron p 3 'rit.es. 

'J’lte bisu][ihide of carbon is possessed of .some very^romarkable propertiiis : 
it i.s a very brilliant litjuitl, the light , passing tliiwugh which is partly 
decompose*! into its component coloured rays before it roaches the eye. 
These pro]K‘i-tie.s ai*e dependent upon its h igh refractive and dispersive 
I t owers,., which are turned to great advantage in optical exjieriments, espe-( 
ci.allyin ajMvfnnn ann/y^ia, wliere the mys cm.anaiing from a coloure*! 
flame are analysed bypassing them through a iirisniatio bottle tilled with 
bisulphide of carbon. It is also highly (h‘afJu‘rnifninm>, that is, it allow.s ^ 
rays of he.at to ]).ass through it with comparatively little k>.ss, so that if it * 
ho rendered opaque to l ight by dis solvirig i odino in it, the raj's of light- 
em.aha£ihg Irohi a luminous object inay 'Q 'arrestelT whilst the calorific 



Fig. 21 J. 


rays arc allow'od to pass. Itj^^as never la'ejj frozen,^aiid^i^ therefore cm- 
idoyedin thermometers fdr»««surii%Vei'/lo'\t'teinpeWtires. Jli.sulphido 
of carbon i.s a very volatile liquid, readily assuming the form of vapour 
at the ordinary temperature, and boiling at 118'’'0"F. Its vapour, when 
diluted with air, has a very di.sgusting and exaggerated odour of sulphu¬ 
retted hydrogen, hut the smell at the moutli of the bottle is ethereal and 
not unpleasant. 


The rapid evaporation of bisulpbide of curbon is, of course, productive of great 
c-old. If a few dro][m be placed in a wateb-ghnss and blown upon, tboy soon pass off 
in vapour, and the tcniperaturc of the glass is .so reduced that the. moisture of the 
breath condenses upon it in hoar-frost, which melts when tbc glass is ]ilaccd in the 
palm of the hand. If a glass plate be covered with water, a watch-gbuss containing 
oisnlphide of carbon placed on it,•and evaporation promoted by blowing through a 
tube, the watch-glass will be frozen on to the ])late, so that the latter may be lifted 
up by it. 


The bisulphide of carbon is ex ceedingly inflam mable; it takes fire at 
a temperature far below that lequircd to inllame ordinary comhustiblo 
bodies, and hums with a bright blue flame^ producing carbonic and sul- 
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phurotis acids (CS^ + O, = CO, + 2SO,), and having a great tendency 
to deposit snlphur unless the supply of air is very good. 

If a little bisulphide of carbon be dropped into a small beaker, it may be inflamed 
by holding in its vapour a test-tube containing oil heated to about 800” F., which 
will be found incapable of firing gunpowder or of inflaming any ordinary com¬ 
bustible substance. 

The abundance of sulphur separated in the flame of bisulphide of carbon enables 
it to bum iron by converting it into sulphide. If some bisulphide of carbon be 
boiled in a test-tube provided with a piece of glass tube from which the vapour may 
bo burnt, and a piece of thin iron wire be held in the flame (tig. 215), it will burn 
with vivid scintillation, the fusible sulphide of iron dropping off. 

The vapour of bisulphide of carbon acts very injuriously if breathed for 
any length of time, producing symptoms somewhat resembling those 
caused by sulphuretted hydrogen. Its poisonous properties have been 
turned to account for killing insects in grain without, injuiing it. 

The chief applications of bisulphide of carbon depend upon its power 

of dissolving the oils and fats. After as 
much oil as possible has been extracted 
from seeds and fruits by pressure, a fresh 
(piantity is obtained by treating the 
pressed cake with bisulphide of carbon, 
which is afterwanls recovered by <listil- 
lation from the oil. In Algiers, bisulphide 
of carbon is employed for extracting tin; 
essential oils in which reside the perfumes 
of roses, jasmine, lavender, &c. 

Bisulphide of carbon has often Iwcn 
made a starting point in the attempts to 
produce organic compounds by synthesis. 
It may bo employed in the formation of 
the h 3 'drocarbon 8 which are usually de¬ 
rived from oiganic source.s, for if it be 
Fig. 215. mixed with sulphuretted hydrogen (by 

passing that gas through a bottle contain¬ 
ing bisulphide of carbon gently wanned), and passed over copper-turn¬ 
ings heated to redness in a porcelain tube, olefiant ga.s will bo jiru- 
duced— t§%, ^ ^ C(kg ~ ^ • < « **<*<^ '■*/ 

2CS, -I- 2U,S + Cu^ = -i- ^4 . 

The action of bisulphide of carbon upon ammonia is practically im¬ 
portant for the easy production of mlphocyarwie of ammmium, which is 
formed when the bisulphide of carbon is dissolved in alcohol, and acted 
on by ammonia with the aid of heat— 

CS, -»■ 2 NII 3 = II,S -I- NHyllCNS . 

Bisulphide of carbon. Sulphocyanide of ammonium. 

Bisulphide of carbon is the sulphur-acid corresponding to carbonic acid, 
and is often called sulphocarbonic acid; it combines with some of tlio 
sulphur-bases to form suljpJiocarbonattis, which coixespond to the car- 
iKmates, containing sulphur in place of oxygen. Thus, when a solution 
of sulphide of potassium is mixed with an excess of bisrilphide of carbon, 
the Bulphocarbonate of (sulphide of) potassium is obtained in orange- 
3 MI 0 W crystals. Even the hydrogen compound corresponding in compo¬ 
sition to the unknown hydrate of carbonic acid may be obtained as a 
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yellow oily liquid by decomposing sulpbocarbonate of potassium with 
hydrochloric acid— 

K^S-CS, + 2HC1 /= HS.CS, + 2KC1. 

Sttlphocarbouate /Hydrosulphocarbonic 

ot potaasinm. / acid. 

As would be expected, the aulphocarbonates, when boiled with water, 
exchange their sulphur for oxVgen, becoming carbonates— 

K^S.CS, + m,0 = K,O.CO, + 3H,S. 

I The bisulphide of carb^ vapour in coal-gas is one of the most injuri¬ 
ous of the impurities, an^ne of the most difficult to remove with economy. 
It is especially injurioi^ because when burning in the presence of aque- 
^ous va 2 >our, a part of iw sulphur is converted into sulphuric acid, the cor- 
'.rosive effects of wh^h are so damaging. Several processes Imve been 
devised for its removal. The gas lias been washed with the ayimmiaml 
liquor (containing/hydrosulphate of ammonia) which absorbs the bisul¬ 
phide. Steam, aji a high temperature, has been employed to convert it 
into hydrosulphi/ric and carbonic acids, which are both easily removed from 
the gas; CS,, +/ 2 H 5 jO = CO^ ■¥ 2HgS. Lime at a red heat decomposes it 
in a similar ^ay; CS^ + 3CaO = CaO.COj -i- 2CaS. Oxide of lead 
dissolved in caustic soda has been used to convert it into sulphide of lead ; 
C 84 + 2 rb() + Nap = 2 PbS + NajO.CXl^. Its removal as sulpho- 
carbonate by an alcoholic solution of potash or soda lias also been pro¬ 
posed. At pmseiit, however, it retains its character as one of the most 
troublesome impurities ^vith which the gas manufacturer has to deal. 

Cakhonic oxvKru'iuuE, COS 60 itartsby weight = 2 volumes. This compound, 
which may be regarded as hydrosulpluiric acid in which CO has replaced H j, is 
formed when a roixtiin* of carlmuic oxide with sulphur vaiwur is acted on by electric 
sparks, or passed through a i\‘d-hot jHircelain IuIhj, 

It is ea.sfly prepared by gently beating the sulphocyauiJc of potassium with oil of 
vitriol diluted with four-tilths of its volume ot water, oud collecting the gas over 
mercury. 

Tile action of the sulphuric acid upon the sulphocyanide produces hydrosulpho- 
cyanic acid ; K(!NS (sulphocyauide of potassium) + H 4 SO 4 = HCXS -f KHSO 4 ; 
which is then decomposett bv the water, in the presence of the excess of sulphuric 
acid, into the cai’bomc oxysnlphide gas and ammonia, which combines with the sul¬ 
phuric acid ; HCNS + HjO = Klia + VOS. The gas has a peculiar disagreeable 
«>dour, recalling that of bisnl]>hide of carbon; it is more than twice as hea^y as air 
(sp. gi'. 2"ID, and is very inllaniiuable, burning with a blue llamc, and yielding carbonic 
and sulphurous acid gases. Potash absorbs and decomposes it, yielding carlamate of 
potash and sulphide of potassium; COS -t- 4K1IO = K^S + KjO.CO.j -t- 2HjO. 

163. Bimtlphidc of silicon (SiS.), corresponding in comitosition to bisulphide of 
carbon, is obtiiiued by burning silicon in sulphur vajwur, or by jwssiiig vajwur of bisxil- 
phide of carbon over a mixture of silica ana charcoal. Unlike the carbon compound, 
It is a white amori>hoHs solid, absorbing moisture when exposed to air, and soluble in 
water, which gratlually docoinis)ses it into silicic and hydresulphuric acids— 

8 iSg + 2H*0 = SiO, -f 2H8S . 

Wlieu heateil in air, it burns slowly, yielding silicic and sulphurous acids. 

154. Sulphide of nilrogni (NS) is a )dlow crystalline explosive substance, pro- 
ducecl by a complicated reaction which takes place when chloride of sulphur, dis-^ 
solved in hisulphide of carbon, is acted on by gaseous ammonia, when hydrochlorate" 
of ammonia is deposited, and the filtered Iwiuid, allowed to evaporate, deposits sul¬ 
phide of nitrogen mixed with sulphur, which may be dissolved out by bisulphide of 
carbon, in which the nitrogim compound is nearly insoluble ; this substance is re¬ 
markable for its sparing solubility, its irritating odour, and its explosibillty when 
struck or moderately heated, its elements being held together by a very feeble at¬ 
traction. 



220 


SELENIUM. 


166. Chlorides op sdlphur. —The mlxUdoride^ or chlm'ide of sulphur 
(SgClj =135 parts by weight), is the most important of these, since it is 
employed in the process of vulcanising caoutchouc. It is very easily 
prepared by passing dry chlorine over sulphur very gently heated in a 
retort (fig. 216); the sulphur quickly melts, and the chloride of sulphur 



Fig. 216.—Preparation of rhloride of sulplnir. 


distils over into the receiver as a yellow volatile Ii(]uul (boiling point, 
280° F.), which has a most peculiar odour. It fumes strongly in air, the 
moisture decomposing it, forming hydrochloric and suljdiurous acids, and 
causing a de 2 )osit of 6 ul 2 )hur ui)on the neck of the bottle— 

2S,C1, + 2H,0 4IIC1 + SO, + S, . 

When poured into water, it sinks (sp. gr. 1-G8) and slowly undergoes 
decomposition; the separated sulidiur, of course, Ixdongs to the cb'ctru- 
positive variety (see p. 191), and the solution contains, lH!si<le hydrochloric 
and sulphurous acids, some of the acids containing a larger proportion of 
sulphur. If phosphorus dissolved in bisul^tbide of carbon be mixed with 
chloride of sulphur, the liquid will take fire on addition of ammonia. 
The sjwcific gravity of the vapour of chloride of sulidiur is 4'7, show¬ 
ing that it is 68 times as heavy a.s hjulrogen, giving for its molecular 
w'cight 136, which agrees veiy nearly with that calculated (13.')). 

Bichloride of sulphur (SClj) is a far less stable conqtound than the chloride, from 
which it is obtained by the .'letion of an excess of chlorine. It is a dark red fuming 
liquid, easily resolved, even by snuliglit, into free chlorine and chloride of siilplinr. 

Iodide, of sulphur (SIj,) is a'erystalliiie unstable sul>8tauce, produced by the direct 
union of its elements, and occasionally employed in medicine. 

Suhiodide of sulphur (Sjl,) is obtained in large tabular crystals resembling io<line, 
by decom]K>sing the siibchlo'ride of sulphur with iodide of ethyle ; S^CIg 4- — 

SJj + 2C2II1ICI. 


Selenium. 

Se = 79’5 i)arta by w^pght. 

156. Selenium (XfXavn, the moon) is a rare .ilpmeut, very closely allied to sniphnr 
in its natural history, physical characters, and chemical relations to other bodies. 
It is found sparingly lu the free state associated with some varieties of native sul¬ 
phur, but more commonly in combination with metals, forming aelenides, which are 
found together with the sulphides. The iron pyrites of Fahluii, in Sweden, is 
< si^fceially remarkable for the presence of selenium, and was the source whence this 
eUment was first obtained. The Fahlun pyrites is employed for the mnmifacturc of 
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o!l of vitriol, and in tlje leaden diarabers a reddish brown deposit is found, which 
was analysed by Beraelius in 1817, and found to contain the new element. 

In order to extract selenium from the seleniferous deposit of the vitriol works, it 
may be boiled with sulphuric acid diluted with an equal volume of water, and nitric 
acid {ulded in small portions until the oxidation is completed, when no more reil 
fumes will estmpo. The solution, containinq selenious (SeOj) and selenic (SeOg) 
acids, is largely diluted with water, filtered oH‘ from the undissolved matters, mixed 
witli about one-fourth of its bulk of hydrochloric acid, and somewhat concentrated 
by evaijoration, when the hydrochloric acid reduces the sc-lenic to selenious acid— 

H.O.SeOg + 2HC1 r, HjO.SoO, + H*0 + C'l,. 

A current of suljdiurous acid gas is now ]ra.ssed through the solution, when the 
selenium is pr(!<'ii)itat(‘d in fine red flakes, which collect into a dense black mass 
when the liquid is gently heated— 

H.O.SeOj + HjO -I- 2.St\ - 2(lI„O.S()3) + Se. 

TJic proportion of selenium in the deposit finm the leaden cliambers is variable. The 
author hits obtaintal above 3 ]ier emit, by this process. 

Seleuiuni, like sulpliur, is capable of exi.sting in three allotropic states : the rcil 
amorphous variety preeii»itated from its solutions, or sublimed like flowers of snl- 
jdiur; the black vitfeous form; and the crystalline form dcjiositcd from its solution 
in bisulphide of carbon, in which it is far less ea.sily dissolved than sulphur. When 
heated, it fuses easily, i>oils ladow u red heat, and is eouverted into a deep yellow 
vaitonr, which cxiKiiids when lieauxl in the same anomalous manner as vapour of 
.sulphur. 

Selenium is less coiiibu.stiblc than sulphur; when hciited in fiir _it burns with a 
blue fleme, and emits a \»eculiar odour like that of putrid hor.se-radi.sh, which ap¬ 
pears to lie due to llie foruintioii of a little selcnictted bviliogen from the moisture 
of the air. When heated with oil of vitriol, selenium forms a green solution which 
deposits the scleiriiim again when ixmred into water. 

Silciiioua th'id fSeOj), corresjionaing to .sulpliiirous acid, is the proiluet of combus¬ 
tion of .selenium in oxygen. It is best obtained by dis.solving selenium in lioiling 
nitric acid (wliicli would convert suljdiur into suipliurtc acid), and evaiioratiiig to 
dryness, wlien the stdenion.s acid reinaius as a white solid which sublimes in ncedle- 
lilic crystals when luxated. When dis.solved in boiling water, it yields a ci-ystHlline 
hydrate of selenious arid. 

iSi Irnic acid tSet).,) is not known in the anhydrous state. It is fonned when 
sclcuinni is oxidised by fii.sed nitre; -p Se — KjO .^eOj + 2Nt). By dis¬ 

solving the scleniatc of ]iotfush in water, and adding nitrate of lend, a ]irecij)itate of 
.seleniate of lead ^l’bt^.Se(^ 3 ) is obtained, and if thi.s be siisitonded in water and 
decomposed by passing liydrostilphnrie acid gas, lead will be rcniovid as insoluble 
sulphide, and a solution of hydrated .selenic acid will be obtained— 

I’bO.SeOs + HjS = H.O.SeOs + PbS. 

This solution inaj' be evaporated till it has a sp. gr. of 2 '(i, when it very closely 
resembles oil of vitriol. It is de(‘Oiu}toscd, however, at about 550“ F., evolving 
oxygen, and becoming selenious acid. It o.xidises the metals like oil of vitriol, and 
even dissolves gold. The selrniates clo.sply resemble the sulphates, but they are 
dceonii»o,scd when heated with hydrochloric acid, chlorine being evolved, and selenious 
acid pnalueed. 

UI/drosdeuie acid, or sdniMtcd lajdrogcn is the exact parallel of sulphuretted 

hydrogen, and is produced by a similar process. It is even more oifeiisive ami 
ItoisonoHs than tliat gas, and acts in a similar way upon metallic solutions, precipi¬ 
tating the sdcniden. 

There are two cfiloridin of uchiiiuiii : the diehloridc, SCgClj a brown volatile liquid 
corresponding to dichloriile of sulphur; and the tetrachloride, SeCl 4 a white crystalline 
solid, without any well-estabUshe<l analogue in the sulphur series. 

Notwitlistonding the rcscnddauce between the txvo elements, there are two sul¬ 
phides of selniium, a bisul})hide <SeSj) and a temul}>hi(le (SeSj). _ The former is 
obtained as a yellow precipitate v?lien hydrosulphuric acid is passed into solution of 
selenious acid. 


Tellurium. 

To = 129 parts by weight. 

157. Tellurium (from tcllus, the earth) is connected with selenium by analogies 
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‘stronger than those which connect that element with sulphur. It is even less fre* 
%uently met with than selenium, being found chiefly in certain Transylvanian gold 
ores. It occasionally occurs In an uncombined form, but more frequently in com¬ 
bination with metals. Foliated or graphic tellurium is a black mineral containing 
the tellurides of lead, silver, and gold. Telluiide of bismuth is also found in nature. 

Tellurium is extracted from the foliated ore by a process similar to that for ob- 
tainii^ selenium. From telluride of bismuth it is procured by strongly heating the 
ore with a mixture of carbonate of potash and charcoal, when telluride of potassium 
is formed, which dissolves in water to a purple-red solution, from which tellurinm is 
derosited on exposure to air. 

Tellurium much more nearly resembles the metals than the non-metals in its 
physical properties, and is on that account often classed among the former, but it is 
not capable of forming a true basic oxide. In appearance it is very similar to bismuth 
(with which it is so frequently found), having a pinkish metallic lustre, and being, 
like that metal, crystalline and brittle. It fuses below a red heat, and is converted 
into a yellow vapour at a high temperature. When heated in air it burns with a blue 
flame edged with green, and emits fumes of tellurous acid (TeO,) and a peculiar odour. 

Like selenium, telluriuia is dissolved by strong sulphuric acid, yielding a purple- 
red solution, from which water precipitates it unchanged. 

The mrides of tellurium correspona in composition to those of selenium. Telltirouit 
acid (TeOj) is precipitated in the hydrated state when a solution of tellurium in 
dilated nitric acid is poured into w'ater. If the nitric solution is boiled, a crystal¬ 
line precipitate of anhydrous tellurous acid is obtained. Unlike seleuious acid, 
tellurous acid is sparingly soluble in water. It is easily fusible, forming a yellow 
glass, which becomes wdiite on cooling, and it may be sublimed unchanged. Its acid 
character is I'ather feeble, and with some of the stronger acids, it forms soluble 
compounds in which it takes the part of a very feeble base. 

Telluric acid (TeOg) is also a weak acid obtained by oxidising tellurium with nitre, 
precipitating the tellurate of potash with chloride of barium, and decomposing the 
tellurate of baryta with 8nl])huric acid. On evaporating the solution, crystsils of 
hydrated telluric acid (HgO.Tet) 3 . 2 HjO) are obtained, which become HjOiTeO., at 
a moderate heat, and when heatt.'<l nearly to redness, are converted into an orange- 
yellow powder, which is the anhydrous acid. In this state it is insoluble in acids ami 
alkalies. When strongly heated, it evolves oxygen, and becomes tellurous acid. 
The tellurates are unstable salts which are converted into tellurites when licated. 

Telluretted hydrogen, or hydrolclluric acid (HgTe), exhibits in tlu* strongest manner 
the chemical analogy of tellurium with selenium and sidplitir. It is a gas very 
similar to salx}huretted hydrogen in smell, and in most of its other properties. 
When its ar^ueous solution is ex])oaed to the air, it yields a brown deposit of tellu¬ 
rinm. When passed into metallic solutions it precipitates the telhiridcs. 

The gas is prepared by decomposing telluride of zinc with hydrochloric acid. 

The most characteristic property of tellurium comjiounds, is that of furnishing 
the purple solution of telluride of iwtassium, wlien fused with carbonate of potash 
and charcoal, and treated with water. Tw'o solid chlondes of tellurium have been 
obtained; TeCl, is a black solid with a violet coloured vapour, aud is decomposed by 
water into tellurinm and TeOIi. The latter may be obtained as a white crystalline 
volatile solid, decomposed by much water into hydrochloric and tellurous acids. 
There are also two sulphides of tellurium coiTesjtouding to the oxides, from which 
they may be obtained as dark brown precipitates, by the action of hydrosuli>hui'ic 
acid. They are both sulphur acids, aud, therefore, soluble in alkaline sulphides. 

158. Review of the mlphur group of elermnts .—^Thc three elements— 
sulphur, selenium, and tellurium—exhibit a relation of a similar character 
to that observed between the members of the chlorine group, both in 
their physical and chemical properties. 
r Sulphur is a pale yellow solid, easily fusible and volatile, without any 
trace of metallic lustre, and of specific gravity 2-05 (sp. gr. of vapour, 
2*23). Selenium is either a red powder 6r a lustrous mass appearing 
blacli^ hut transmitting red light through thin layers; much less fusible 
and volatile than sulphur, and of specific gravity 4'8 (sp. gr. of vapour, 
‘5*68). Tellurium has a brilliant metallic lustre, is much less fusible and 
volatile than selenium, and of specific gravity 6’65 (sp. gr. of vapour, 9‘0). 
^ Sidphur (atomic weight 32) ^ the most powerful attraction for oxy- 
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gen, hydrogen, and the metals. Selenium (atomic weight 79-5) ranks 
next in the order of chemical energy. Tellurium (atomic weight 129) 
has a less powerful attraction for oxygen, hydrogen, and the metals, fBan 
either sulphur or selenium. This element appears to stand on neutral 
ground between the non-metallic bodies and the less electropositive 
metals. 

Sulphur, selenium, and tellurium are diatomic or bivalent elements. 

PH08PH0EUS. 

P=31 parts by weight,* 

159. This is the only element for the or«Knary preparation of which 
animal substances are employed. It is never kno^vn to occur uncombined 
in nature, but is found abundantly in the form of phnspJtate of lime 
(3CaO.Ps.Og), which is contained in the minerals copwUfe, phosphorite, 
and apatite, and occurs diffusotl, though generally in small proportion, 
through all soils upon which plants will grow, for this substance is an 
essential constituent of the food of most plants, and especially of the 
cereal plants which fonn so large a proportion of the food of animals. 
Tlie seeds of such plants are especially rich in the phosphates of lime and 
magnesia. 

Animals feeding upon these plants still further accumulate the phos¬ 
phoric acid, for it enters, chiefly in the form of phosphate of lime, into the 
C(tmposition of almost every solid and liquid in the animal body, and is 
especially abtmdant in the bones, which contain about three-fifths of 
their weight of pho.sphate of lime. It is from this soiuxie that our supply 
of phosphorus is chiefly derived. 


Composifion of the Hones of 0-vai. 


Animal matter,. 

rhos])]mte of lime, .... 

. 30-58 

. 57-67 

Flnoi'tdc of calcium, .... 

, 2-69 

Carbonate of lime. 

. 6-99 

Phosphate of niagucsia, 

. 2-07 


100-00 


» ^ \ t - 

What is hero termed animal matter is a cartilaginous substance, con¬ 
verted into gelatine when the bones are heated with water under pressure, 
and containing carbon, hydrogen, nitrogen, and oxygen. It was formerly 
the custom to got rid of this by burning the bones in an open lire, but 
the inciuased demand for chemical products, and the diminished supply 
of bones, have taught economy, so that the cartilaginous matter is now 
dissolved out by heating the bones with water at a high pressure for the 
manufactiu'e of glue; or the bones are subjected to destructive distilla¬ 
tion, so as to save the ammonia which they evolve, and the bone charcoal 
thus produced is used by the sugar-refiner until its decolorising powers 
are exhausted, when it is heated in contact with air to bum away the 
charcoal, and leave the bom-ftsh, consisting chiefly of nhosphate of lime 
^ (SCaO.PjOfl). In order to extract the phosphorus, th^one-ash is heated 
for some time witl^ailuted sulphuric acid, which removes the greater part 
of the lime in the form of the sparingly soluble sulphate of lime, leaving 

• The vapoar of phosphonis is 62 times as heavy as hytlrogen, so that its atom only 
occupies half a volume, if tlie atom of hydrogen be taken to occupy one volume. 
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the phosphoric acid in the solution, which is strained from the dep^it, 
evaporated to a syrup, mixed with charcoal, thoroughly dried in an iron 
pot, and distilled in an earthen retort (fig. 217), when the carbon removes 
the oxygen from the phosphoric acid, and the phosphorus ^stils over, 
and is condensed in a receiver containing water to protect it from the 
action of the air. The decomposition of the dried phosphoric acid by the 
carbon of the charcoal is expressed by the equation— 

H,O.PA + C, = 6CO + Hg + Ps. 

Hydrated^Uospl'orlc Cwbonlc oxide. 

This is the simplest account that can be given of the preparation of phosphorus 
from bone-ash, but it is not strictly oon-ect, for the sulphuric acid does not remove 



Kig. 217.—Extraction of phosj»lioni«. 

the whole of the lime from tlie phosphate, a itortion remaining in the sohition con¬ 
taining the phosphoric acid, so that tl»i.s solution is generally said to contain 
lihosphate of lime, and the action of the sulphuric acid is thus represented— 

SC’aO.r.O, -I- 2(Hs(».Roi = Ca0.2Il/>.r2O, + 2(CaO.SO*). 

Hone iiltospliRtc Supenilio'pliate 

of lime. of lime. 

When the superphosphate of lime is dried, it becomes converted into mttaphon- 
phaU of lime (C'aO.'PjOj, and ou distilling this with charcoal— 

3(Ca0.Pg()g> -f C,o -- SCaO.PgO* + lOCO + l’^. 

Mctapho9i>liate Bone iihoxtihate 

of lime. of lime. 

Silicic acid (sand) is sometimes added to comhine with tlie lime, and liberate the 
remaiuder of the phosphoric acid, so that it may be decomposed by the charcoal. 

On the small scale, for the sake of illustration, phosjdiorus may be prepared by a 
process which has ^so been successfully employed for its manufacture in ijuautity, 
and consists in heating a mixture of bone-ash and charcoal in a stream of hydro¬ 
chloric acid gas—;;- ^ \ , , , , ■ 

+ 6HC1 + Cg SCeCl- -♦- SCO -t- H, -I- Pj. 

A mixtnre of equM T^cights of well-dried charcoal and bone-ash, both in fine 
powder, is introduced into a porcelain tube sheathed with copper, and placed in a 
charcoal furaoce (fig. 218). One end of the tube is connected with a flask (A), con¬ 
taining fused salt and sulphuric acid for evolving hydrochloric acid, and the oldier is 
cemented with putty into a bent retort neck (B), for conveying the phosphorus 
into a vessel of water (C). On heating the porcelain tube to bright redness, phos¬ 
phorous distils over in abimdance. The hydrogen and carbonic oxide inflame as 
they escape into the air, from their containing phosphorus vapour. 

When first prepared, the phosphorus is red and opaque, from the pro- 
leuce of some subqxide of phosphonm and mechanical impurities; tlie 
Utter are by melting the p hosphorus u nder warm water, and 
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sqB.eej^£ it throagh wash leather. The phosphorus is then fused under 
ammonia to^SffiSirBTniy hcM J!fii^rit 7 , and afterwards’ under bichromate 
of potaidi acidified with sulphuric acid, when the chromic acid oxidises 
the suboxide of phosphorus, and converts it into phosphoric acid which 
dissolves. The phosphorus is then thoroughly washed, melted under 
water, and drawn up into 
glass tubes, where it soli¬ 
difies into the sticks in 
which it is sold. These 
are always preserved un¬ 
der water from the action 
of oxygen, and in tin cases 
from that of light. ' 

Pure ordinary phospho¬ 
rus is almost colourless 
and transparent, but when 
exposed to light, and- espe¬ 
cially to direct sun-light, 
it gradually acquires an 
opaque rod colour, from 
its partial conversion into 
the allotropic variety 
known as red or amnr- 
jjihous phmphonM. By 
tying bands of black cloth 
round a stick of phos¬ 
phorus and exposing it, 
under water, to the action 
of sun-light, alternate 
zones of red may be pro- Fig. 218. 

duced. 

Even though the phosphorus be screened from light, it will not remain 
unchanged unless the water he kept quite free from air, which irregularly 
corrodes the surface of the jihosphorus, rendering it white and opaque. 
This action is accelerated by exposure to light. 

The most remarkable character of ordinary phosphorus is its easy in- 
fiammahility. It inevitably takes fire in air "when heated a little above 
its melting point (111'’’5 F.), burning with a brilliant white flame, which 
becomes insupportable when the combustion takes place in oxygen (p. 23), 
and evolving dense white clouds of solid phosphoric acid. When a piece 
of dry phosphorus is exposed to the air, it combines slowly with oxygen, 
forming phosphorous acid,* and its temperature often becomes so much 
elevated during this slow combustion, that it melts and takes fire, espe¬ 
cially if the combination be encouraged by the warmth of the hand or by 
fnction. Hence, ordinary phosphorus must never be handled or cut in 
the dry state, but always under water, for it causes most painful bums. 

The slow oxidation of phosphorus is attended with that peculiar lumi¬ 
nous appeamnee which is i&rmedipho^Tihoreseence lights tohear)^ 

but this glow is not seen in pure oxygen or in air containing a nunute 
proportion of olefiant gas or oU of turpentine. It will be remembered 

*. The white fnines evolved by .phosphorus in moist air are said to oonsist partly of 
nitrate of ammoida, formed by tiie action of the ozonised oxy^ tqxm the air and aqueous 
vapour. 
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that the slow oxidation of jihosphom s is attended with the formation of 
o 2 one.« .. 

characteristic behariotir of phorohoros in air is best observed when the phos- 
idioros is in a finely<dmded state. When a fira^ent of phottphoms is shaken with 
a Utrie bisnlphide of carbon, it is qiiickly dissolved, and If the solution be poured 
upon a piece of filtering-paper (fig. 219), and allowed to evaporate in a darkened 

room, the ver^ thin film of phosphorus 
which is left will exhibit a glow increas¬ 
ing in brilliancy till the phosphorus bursts 
out into spontaneous combustion. 

If phosphorus be dissolved in olive oil, 
at a gentle heat, the solution is strongly 
phosphorescent when shaken in a bottle 
containing air, or when mbbed upon the 
hands. 

Characters may be written on paper 
with a stick of phosphorus held in a 
thickly-folded piece of damp paper (hav¬ 
ing a vessel of water at hand into which to plunge the phosphorus tf it should 
take fire). When the paper is held with its back to the fire, or to a hot iron, 
in a darkened room, a twinkling combustion of the finely-divided phosphorus will 
ensue, and the letters will lie burnt into the paper. Phosphorus, which has been 
partly oxidised, is even more easily inflameil than pnre phosphorus. If a few small 
pieces of phosphonis be placed in a dry stoppered bottle, gently warmed till they 
melt, and then shaken round the sides of the bottle so as to become partly converted 
into red oxide of phosphorus, it will be found, long after the bottle is cold, to be 
spontaneously inflammable, so that if a wooden match ripped with sulphur be rubbed 
against it, the phosphorus which it takes up will ignite when the match is brought 
into the air, kindling the sulphur, which will inflame the wood. 'J'his was one of 
the earliest forms in which phosphorus was employed for the purpose of procuring 
an instantaneous light. If the stopper be greased, the phosphorus may be preserved 
unchanged for a long time. 

In the last experiment, if the wood had not been tipped with sulphur, the phos¬ 
phorus would not have kindled it, the flame of phosphorus generally being uuable 
to imite solid combustibles, because it deposits upon them a coating of phosphoric 
acid, which protects them from the action of air. Hence, in the manufacture of 
lucifer matches, the wood is first tipped with sulphur, or wax, or parefline, which 
^ieasily give off combustible vapours ..Jo be kindled by the flame of t he phospho rns 
coniTOsition, and thus to inflame the wood. 

If a small stick of phosphorus be carefully dried with filtering paper, and dropped 
into a cylinder of oxygen, which is afterwards covered with a ^ass plate, no lumin¬ 
osity will be observed in a darkened room until the 
cylinder is placed under the air-pump receiver, and 
the air slowly exhausted. When the oxygen has thus 
tieen rarefied to about one-fifth of its former density, 
the phosphorescence will be seen. A similar effect 
may be produced by covering the cylinder of oxygen 
conttuiniiig the pho^horus (having removed the ghiM 
plate) with another cylinder, abont four times its size 
(fig. 220), filled with carbonic acid, which will 
gradually dilute the oxygen and produce phosphores¬ 
cence. By suspending—in a bottle of air containing 
a strongly luminons piece of phosphorus—a piece of 
paper with a drop of oil of turpentiue upon 11^ the 
glow may be almost instantaneonriy destroyed. A 
small tube of olefiant gas or coal-gas dropticd into 
the bottle will also extinguish the luminosity. 

Ordinary phosphorus is slowly convertJed into vapour at the ordinary 
temperature, and emits in the air white fumes with a peculiar alliaceouB 
sm^ which appear phosphorescent in the dark. When heated out of 
contact with air, it boils at 550® F., and is converted into a colourless 
itapouT. 

The InTninetiRy of l>hosphoms vaponr- is seen to advantage when a piece of phos- 



Pig. 220. 



fiff. 219. 
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phoroB ia boiled with water in a narrow-necked ilaak, or a test-tube with a coik and 
narrow tube. The steam chided with vapour of phosphorus has all the appearance « 
of a b lue flame in a darkened iwm, but of course combustibles are not inflmed by i 
it, sincelts tempmture is not higher than 212* F. Phosphorus may be distiUed,with t 
perfect safety in an atmosphere of carbonic acid, the neck of the retort being allowed 
to dip undw water in the receiver. 

Although ordinary idiosphorus is of a decidedly glassy or vitreous struc¬ 
ture, and not at all crystalline, it may be obtained in dodecahedral crys¬ 
tals, by allowing its solution in bisulphide of carbon to evaporate in an 
atmosphere of carbonic acid. 

The conversion of ordinary phosphorus into ^he red or amorphous phos-^ 
phorm is one of the most striking instances of allotropic modification. 
When phosphorus is heated for a considerable length of time to about 
450° F. in vacua, or in an atmosphere in which it cannot burn, it becomes 
converted into a red infusible mass of amorphous phosphorus. This form 
of phosphorus differs as widely from the vitreous form as graphite differs 
from diamond. It is almost unchangeable in the air, evolves no vapour, 
is not luminous, cannot be inflamed by friction, or even by any heat short 
of 500° F., when it actually becomes reconverted into ordinary phos¬ 
phorus.* Amorphous phosphorus is insoluble in the solvents for ordi¬ 
nary phosphorus. The two varieties also differ greatly in speciflc gravity, 
that of the ordinary phosphorus being 1‘83, and of the amorphous 
variety 2*14. 

The conversion of vitreous into amorphous phosphorus may be eflectetl by beating 
it in a flask (A, fig. 221) placed in an oil-bath (B), maintained at a temperature 
ranging from 450° to 460° F, the flask being furnished with a bent tube (C) dipping 
into mercury, and with another tul>e 
{!)) for supplying carbonic acid gas, 
dried by passing over chloride of cal¬ 
cium. Tno flask should be thoroughly 
filled with carbonic acid before apply¬ 
ing heat, and the talM delivering it 
may then be closed with a small clamp 
(E). After exposure to heat for about 
forty hours, but little ordinary phos- 
phoms will remain, and this may be 
removed by allowing the mass to 
remain in contact with bisulphide of 
carbon for some hours, and subse¬ 
quently washing it with fresh bisul¬ 
phide of carbon till the latter leaves no 
phosphonts when evaporated. 

On the large scale, the red phos¬ 
phorus is prepared by heating about Fig. 221. 

200 lbs. of vitreous phosphorus to 

450° F. in an iron boiler. After three or four weeks the phosphorus is found to be 
converted into a bard red brittle mass, which is ground by mill-stoues under water, 
and separated from the ordinary phosphorus either by bisulphide of carbon or caustic 
Bod^ in which the latter is soluble. The temperature requires careful regulation, 
for if it be allowed to rise to 600°, the red phosphorus quickly resumes the vitreous 
condition, evolving the heat which it had absorbed during ite conversion, and thns 
converting much of the phosphorus into vapour. This reconversion may be shown 
bv heating a little red phosphorus *ln a narrow test-tube, when drops of vitreous 
phosphorus condense on the cool part of the tube. The colour of different specimens 
of amorphous phosphorus varies considerably ; that prepared on the large 8<^e is 
usually of a dark purplish colour, hut it may be obtained of a bright scarlet colour. 
RhombohedAl crystals of phosphorus, resembling crystals of arsenic in form and ^ 

* According to Hittorf, tlte reconversion does not take place till 800° F., the red phos* 
phorus being convertible into vapour below that temperatmv, without fusion. 
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liwiteffio appeaiwnte^ b«7a benst obtain^ by fusing phosphoms with kad, and d^wolt* 
bag ont^w latter «dtH dilated nitric am (ap^. gr. 11). . 

.Osdhuoy phosphoiros is vexj poi^iious, whilst amorphous phosphOTua ' 
appeals to be hoi^ess, Hie former is employed, mixed with fatty aub- 
swoes, for poisonmg rats and beetles. . Casra ore, nnhappily, not very ‘ 
rare, of children being poisoned by sucking the phosphoras composition 
on lucifer matches. The vapoiur of phosphorus al/^ produces a very 
injurious effect upon the persons engaged in the manu^ture of lucifer 
matches, resulting in the decay of the lower jaw-bone. This, evil is much 
mitigated hy good ventilation, or by diffusing turpentine vapour t hrough 
the air of the work-room, and attempts have btieii'' iutUll& to obviate it 
entirely by substituting amorphous phosphorus for the ordinary variety, 
but, as might be expected, the matches thus made are not so senritive to 
friction as those in which the vitreous phosphorus is used. 

The difference between the two varieties of phosphorus, in respect to 
chemical enei^, is seen when they are placed in contact with a little 
iodine on a plate, when the ordinary phosphorus undergoes combustion, 
and the* red phosphorus remains unaltered. 

Black phosphorus has been obtained by heating vitreons phosphorus to 
a little above its molting point and suddenly cooling it. It is reconverted 
by fusion and slow coohng. Viscous pho^>horus results from the sudden 
cooling of pbosphorus heated nearly to its boiling point. 

Ordinary phospbonis is capable of direct union with oxygen, chlorine, 
bromine, iodine, sulphur, and most of the metals, with which it forms 
phosphides or phosphurets. Even gold and platinum unite with this 
element when heat^, so that crucibles of these metals are liable to cor¬ 
rosion when heated in contact with a phosphate in the presence of a. 
reducing agent, such as carbon. Thus the inside of a platinum dish or 
crucible is roughened when vegetable or animal substances containing 
phosphates are incinerated in it. The presence even of small quantities 
of phosphorus in metallic iron or copper produces considerable effect upon 
their physical qualities. 

Phosphorus has the property, a very remarkable one in a non-metal, of 
pj^initating . some me^s from tlieir solutioasjn the,metallic-state. If a 
stick of phosphorusTbe placed in a solution 6T*smphate of copper, it 
becomes coated with metallic copper, the phosphorus appropriating the 
oxygen. This has been turned to advantage in copying vejy^ delicate 
objects hy the electrotype process, for by exposing them to the action of a 
solution of phosphorus in ether or bisulphide of cathon, and afterwards to 
that of a solution of copper, they acquire the requisite conducting metallic 
film, even on their finest filaments. Solutions of silver and gold are 
reduced in a similar manner hy phosphorus. 

By floatixig very minute scales of ordinary phospboms upon a dilute solution of 
chloride of gold, tbs metal will be reduced in the form of an extremely thin film, 
wbi(^ may w raised upon a g^n plate, and will be found to have various shades 
of green and violet by transnmted light, dependent upon its thickness, wlxfist its 
thickest rart exhibits the ordinary colour of the metal to reflected light. % heat¬ 
ing the .films on the plate, various shades of amethyst and ruby are developed. If a 
very dilute sdutiou of chloride of gold in distilled water be placed in a nerfbetiy 
clean bottle, and a few drops of ether, ip which phosphorus has been dlwolve^ 

S oured into it, a beautiful rnby-oelonred limiid is obtained, the colour of which is 
ne to metallic gdd in an extiemSly finely divided state, and on allowing it to stand 
* for some inontiis, tiie metal .subsides as a purple powder, leaving the liquid colour* 
If any saliue hupurityhe presmt in tne gold solution, the colour of the redact 
ip)ld will be or blue, expenmeuts (Faraday) illustrate very etrik- 
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iogly the itse of gdd for impartlBg nibjr aod pnrj^ tints to and tiw of 
porouain. 

160, Lmf&r mcUches are made bj tipping the wood with sulphur or 
waB or paraj^h to convey the Aamot and a:^rwards with match oom- 
positiou, winch is genendly compost .of ^tpetr e ox^idilprate of potash, ' 
pho afdioru^ *'2;e d andf^^hye^ and depends for its acHbn on the easy 
rnflamfaatioaay 1^ finction, of j^osphorus when nuxeiTwith o:ddising agents • 
like saltpetre (KNO,), chlorate of potash (ECIO^), or red lead ^ 

the glue only serving to bind the composition together and attach it to 
the wood. The composition used by different makers varies much in 
the nature and proportions of the ingredients. In this country, ch lorate 
of pqj|jggh.is most commonly employed os the oxidising agent, such niatwM 
usually kindling with a slight detonation; but the German manufacturers 
prefer either nitrate ofpotash or nitrate of lead, together with bipoxide 
of lead or with red leadj which produce silent matches. 

Sulphide of antimony (which is inflamed by fliction with chlorate of 
potash, see p. 163) is also used in those compositions in which a part of 
the phosphorus is employed in the amorx)hou8 form, and flne sand or 
powdered glass is very commonly added to increase the susceptibility 
of the mixture to inflammation by friction. 

The match composition is coloured either with ultramarine blue, Prus¬ 
sian blue, or vermilion. In preparing tire composition, the glue and the l 
nitre or chlorate of potash are dissolved in hot water, tho phosphorus then ] 
added and carefully stirred in until intimately mixed, the whole being i 
kept at a temperature of about 100” F. The fine sand and colouring > 
matter.are then added, and when the mixture is complete, it is spread out 
upon a stouo slab heated by steam, and the sulphured ends of the matches 
are dipped into it., 

Tho safety matches, which refuse to ignite unless nibbed upon thei 
bottom of the box, are tipped with a mixture of sulp lii^o of anti mony, i 
chlora te of no tasb. and pow dered gla ss, which is not sufficiently sensitive \ 
to be ignited by any ordinary friction, but inflames at once when rubbed 
upon tho amorjihous phosphorus mixed with glass which coats the rubber 
beneath the box. On this principle some French matches have been made 
wliioh can be ignited only by breaking the match and rubbing tho two 
ends together. 

It would be very desirable to dispense entirely with the use of phos¬ 
phorus in lucifer matches, not only because of the danger from accident 
and disease in tho manufacture, but because a very large quantity of 
phosphate of lime which ought to be employed for agricuiturid purposes 
is now devoted to the preparation of phosphorus, of which six tons are 
said to be consumed annually in tliis country for the manufacture of 
matches. Tho most successful attempt in this direction appeara to be the f 
employment of a mixture of chlora te of p otash and hypos ulphite of lead, 1 
in place of the ordinary phosphorus composition. ' • 

For UlustratioD, excellent matches may he made unon the small scale in the 
following manner. The slips of wood are dipped in melted sulphur so as to acquire 
a slight coating. 30 grams of gelatine or isinglass are dissolved in 2 drachms of 
water in a porcelain dish placed upon a steam-bath; 20 grains of ordinary phosphonu 
me then a(med, and well mixed in with a piece of stidc; to this mbetnre are added, 
in successipn, 16 grains of rad lead and 60 grains of powdered chlorate of potash. 
The sulphured matches are dipped into this paste, and left to dry in the air. 

To make the safety matches: 10 grains of powdered oUomte of potaah and 10 
grains of aolphide of antimony are made into a paste with a few di^ Of a wactn 
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Boluticifn of 20 ginitis gelatioe in 2 draohms water, the snlphured matches heing^tipp^ 
with comiKwiiion. The rubber is prepared wHh- 20 grains of amorphous phoi>' 
phonu, .and 10 grains of findy-powdered glass, mixed with the solution of gelatinO, 
and painted on paper or card*board with a brmh< 

161. Pho^horm-fuze'eomposUion. —^To ignite Armsttong percns- 
sion shells, .a very sensitive detonating composition is employed, which is 
^composed of amo rphous pho sphorus, chlora l of pot adi. a tolh m. and.pow- 
[de red gla ss made into a paste with sphrit^lH' wme. This is phmed in the 
4ittTeca5 designed for it, and when di^ is Waterproofed with a little 
shellac dissolv^ in spirit. v ^ ^ ‘ ’ 

' Such a compositian may be prepared care in the following manner 4 grains 
of powdered chlorate of potash are nioistenerd on a plate with 6 drops of spirit of Wine, 

4 grains of powdered amorphous phosphorus arc added, and the wpole mixed at arm's - 
length with a bone^knife, avoiding great pressure. The mixture, which ^ouid still ^ 
be quite moist, is spread in small portions upon ten or twd.Te pieces of dltoring papqr, 
and left in a safe place to dry. If one of these be gently pressed with a stick, it 
explodes with great violence. It is dangerous to press it with the blade ot a knife, 
as the latter is commonly broken, and the pieces projected with considerable force. 
A stick dipjied in oil of vitriol of course explodes it immediately. If a bullet be 
placed very lightly uiion one of the pellets, and the paper tendei|lly wrapped' round it, 
a percussion shell niay be extempoiised, which explodes with a loud report when 
dropped upon the floor. 


Oxides op Phosphouos. 

^ 162. There arc only two compounds of pliosphoms with oxygen which 

‘have been obtained and satisfactorily examined in the separate state, viz., 
phmpliorous acid (PgOj), and phosphoric acid (I’gOg). The suh-oxide of 
pho^lwras (P 4 O) is said to liave been obtained, hut very little is known 
of it. 
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Nattie. 

Forniuln. 

By Weiglii. 
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Phosphobio Acid. 

PgO, = 142 parts by weight. 

163. Phosphoric acid is by far the most important of the compourfBT^ 
of phosphorus. It has been already noticed as almost the only form of 
combination in wluc|i that element is met with in nature, and as an indis¬ 
pensable ingredient in the food of plants and animals. No other mineral 
substance can bear comparison with it as a measure of the capability of a 
country to support animal life. The acid itself is very useful in calico- 
printing and some other arts. • 

The mineral sources of this acid appear to }36 pkoypkorite, coprolite, and 
apatite, all consisting essentially of phosphate of lime (3CaO.P,Og), biit 
associated in each case with fluoride of calcium, which is also contained, 
V^th phosphate of lime, in bones, and would appear to indicate an organic 
(Uigin for thesh minerals. Phosphorite is an earthy-looking substance, 
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’ fonouig large deposits in Estremadura. Apatite (£com haKt^,%> 
in aUnsion to nuikakeAin its early analysis) occtito in prismatic, crystals, 
and is met with in. the Cornish tin-rems. Both these minerals are largely 
imported &om Spain, Norway, and America, for use in this country as a 
manure.. , , , , 

Coprolites (x^pos, dung, \i0o9, a atone, from the idea that they were 
petrified dung)'aie rounded nodules of phosphate of lime, which are 
found abundantly in this country. 

Largo quantities of phosphoric acid, combined with lime and magnesia, 
are imported in’the form or^guang, the partially decomposed excrement of 
^a-fowl, which sometimes contfdns one-fourth of its weight of phosphoric 
acidi 

Bones, however, must be regarded as the chief immediate source whence 
the phosphate of lipie for agricultural purposes is derived. 

Hydrated phosphoric acid is obtained from bone-ash by decomposing 
it with sulphuric acid, so as to remove as much of the lime as possible in 
the form of sulphate, which is strained off, and the acid liquid neutralised 
with carbonate of ammonia, which precipitates any unchanged phosphate 
of lime, and converts the phosphoric acid into phosphate of ammonia, 
-consisting of phosphoric acid, water, and ammonia. On evaporating the 
. solution, and heating the phosphate of ammonia, the ammonia is cxpdled, 
and hydrated phosphoric acid (HgO.PgOj) is left in a fused state, solidify¬ 
ing to a glass on cooling. Thus prepared, however, it always retains some 
ammonia, and is contaminated with soda derived from the hones. 

The pure hydrated acid is prepared by oxidising phosphorus with 
diluted nitric acid (sp. gr. 1 * 2 ), and evaporating the solution in a platinum 
dish, until the hydrated phosphoric acid begins to volatilise in white 
fumes— 

5(H,O.N,0.) - S{lW.y.pj + 2H./) + lONO. 



Some phosphorous acid is formed at an intermediate stage. A transparent 
glass {glacial plioaphoric acid) is thus obtained, which eagerly absorbs 
moisture from the air, and becomes liquid. 
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The \Vhter cexmot be separated from the hydrated phosphoric acid by 
the action of heat, so that the anhydrous pJioyphorie acid must be pre¬ 
pared by burning phosphorus in dry ain 

When requited in considerable quantity, the anhydrous phosphoric add (p^- 
ph^ anhydride) is prepared by burning the phosphorus in a small porcelain dish 
(A. % 222) attached to a wide glass tube (B) for introdudn^ the phosphorus, and 
enspended in a glass flask with two lateral necks, one of which is connected with a 
tube containing pnmice-stone and oil of vitriol for drying the air as it enters, whilst 
the other neck is provided with a wide tube conveying the anhydrous phosphoric 
add into a bottle connected, at C, with an aspirator, or cistern of water, lor drawing 
air through the apparatus. The first piece of phosphorus is kindled by passing a 
hot wire down the wide tube, but afterwards the heat of the dish will always ignite 
the fresh piece as it is dropp^ in. The wide tube must be closed with a cork whilst 
the phosphorus is burning. 

A small quantity of anhydrous phos¬ 
phoric acid is more conveniently prepared 
by burning phosphorus under a Iwge bell- 
jar of air, under which a shallow dish of 
oil of vitriol has been standing for an hour 
or two to dry the air. Tliis dish is care¬ 
fully removed without disturbing the air 
witnin the jar, and the well-dned phos¬ 
phorus is introduced in a small porcelain 
crucible standing upon a large glass plate. 
The phosphorus naving been kindled with 
a hot wire, the (lakes of phosphoric acid 
will be seen falling like snow on to the gloss 
Fig. 223. plate, where they accumuiato in a layer ol 

considerable thickness. To preserve it, 
the phosphoric acid must bo immediately scraped up with a bone or platinum knife 
and thrown into a thoroughly dry stoppered bottle. 

Anhydrous phosphoric acid may be fused at a very high temperature, 
and even sublimed. Its great feature is its attraction for water; left 
exposed to the air for a very short time, it deliquesces entirely, becoming 
converted into hydrated phosphoric acid. It is often used by chemists as 
a dehydrating agent, and will oven remove the water from oil of vitriol. 
When thrown into water, it hisses like a red-hot iron, but does not entirely 
dissolve at once, a few flakes of hydrated phosphoric acid remaining 
suspended in the liquid for some time. Phosphoric acid, like sulphuric 
acid, forms three definite combinatious with water, but in the case of 
phosphoric acid, each of these three hydrates is a difl'erent acid, capable 
of producing different salts, whereas the sulphuric acid generates the same 
salts in whatever degree of hydration it is employed. 

The solution obtained by dissolving anhydrous phosphoric acid in 
water contains monohydrated phosphoric acid or metaphosphoric acid 
(HaO.PgOj). If a little nitrate of silver be added to a portion of it, a 
transparent gelatinous precipitate is formed, which is the metaphosphate 
of silver (AgjO.IfaOg + HjO-PjOj = + Ag^.P^Oj). 

If the solution of metaphosphoric acid be Wted in a flask for a short 
time, it will lose the property of yielding a precipitate with nitrate of 
silver, unless one or two drops of ammonia be added to neutralise it, when 
an opaque white precipitate of pyrophospha^ of silver (2AgaO.PjOj) is 
obtained for the phosphoric acid now been converted into the 
dihydrated or pyrqphosphoric acid ( 2 fli, 0 .P, 05 ). The formation of the 
precipitate is thiw expressed— 

+ 2(Ag,0.K,0,) -(- 2NH3=» 2AgaO.PaOa + 2(NH3.H,O.NaO,). 
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When the eolation of pyrophosphoric acid is mixed with moxe water 
and boiled for a long time, it gives, when tested with nitrate of silver 
and a little ammonia, a yellow precipitate of triphosphate of silver 
(3Ag,0,Pg0,); the phosphoric acid having become converted into tri- 
hydrated phosphoric acid (3H,O.P,OJ, and acting upon the nitrate of 
silver in the presence of ammonia, Ihus— 

8 H,O.PA + 3(Ag,O.JfsO,) + 3 NH 3 = 3Ag,0.P,0, + 3(ra,.H,0.N,0^. 

pyroplioephoric add (2HjO.PjOj) cannot be obtained by the above 
process without an admixture of one of the other hydrates, but it has 
been obtained in crystals by decomposing the pyrophosphate of lead 
(2PbO.PaOg) with hydrosulphuric acid, .and evaporating the filtered solu¬ 
tion in vacuo over oil of vitriol. 

Trihydrated phnephorie ackl may also bo obtained in prismatic crystals, 
by evaiwrating its solution in a similar way. This acid is also called 
ortho-phoephonc acid (6p$6i, true), and common phosphoric acid, in allusion 
to the circumstance that the phosphates commonly met with and employed 
in the arts are the salts of this acid. 

For it will be perceived that each of these acids is able to combine 
with a quantity of base equivalent to the water present in the hydrate. 
Thus the motaphosphoric acid (H^O.P^Og) fonns Stalts with one molecule of 
a base having the general formula M^O, as in metaphosphate of soda, 
Nap.PgOg. Pyrophosphoric acid (2Hjj().Pp„) forms salts with three 
molecules, as in triphospliate (or subphosphate) of soda, 31?agO.PjOg. 

In the cases of pyrophosphoric anti common phosphoric acids, it is not 
necessary that the two or throe molecules of water should be displaced 
by the same base, for it is found that salts of these acids may be formed 
which contain two bases, and some in which part of the water does duty 
as a base. Examples of this kind are, the common phosphate of soda, 
2 Naj 0 .J[I, 0 .Pg 05 , which is derived from the acid, 

SlljO.PgOj, by the diaiilacement of two molecules 
of water by soda; microcosmie mlt, or phosphate 
of soda and ammonia, ifa„C).(]S’H^) 5 j 0 .il 20 .I\ 05 , 
where two molecules of the water in the acid are 
displaced respectively by soda and by the imaginary 
oxide of ammonium (^NII^)/). A jiyrophosphate of 
soda having the composition of KaJl.HgO.PjO, may 
be preparo<l, and is obviously derived from the acid, 

21 IgO.P,Og, by the displacement of one molecule of 
water by soda. 

It is evident that when water or ammonia enters 
into the composition of the salt, the action of heat 
may convert ^n ortho-phosphate into a pyrophos¬ 
phate, or even into a metaphosphate. 

Thus, if a crystal of the common rhombic pbosphate'of soda (2'N'a80.H,0.PjO..24Aq.) 
be heat^ gently in a crucible (fig. 224), it melts in its water of crystallisation, and 
gradually dries up to a white mass,*tbe composition of which, if not heated heyond 
800* F., will be 2NajO.H,O.Pir)j. If a little of this white mass be dissolved in water, 
the solution will be cUkaline to red litmus paper; and if nitrate of silver (itself 
neutral to test-papera) be added tq it, a yellow precipitate of triphosphate of silver 
will be obtained, and the solution will become strongly add — 



Fig. 224. 


. 2NojO.H,O.P,0, + 8(Ag,0.N,0,l=8Ag,O.PjO, + 2(N8,0.N,0,) + H,0.N,0, 
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If tile dried phosphate of soda he now strongly heated over a lamp, it will Ic^ ito 
baric water, and become pyrophosphate of soda (•‘Mf* fif^- On dissomttg this in 
water, the solution will be aUMline, and will give with nitrate of silver a wivU» preci¬ 
pitate and a neutral solution— 

2HaaO. P,0, -1- 2(Ag,0. NjO.)=2Ag,0.P,0, + 2 (Na,O.NjOj). • 

Miorocosmic salt (NajO.(NH 4 ),O.UjO.P,Oj. 8 Aq.), when dissolved in watw, yjrids 
an alkaline solution which gives a yelUm precipitate with nitrate of silver, the liquid 
becoming acid — 

Na,O(NH,),O.H, 0 .P,O, 3( Ag, 0 .N, 0 ,)= 8 Ag, 0 .P, 0 ,+Na,0.N,0,+(NH*),O.N, 0 *+H,O.N , 0 , 

But if the salt be heated in a crucible, it fuses, evolving water and ammonia, and 
leaving a transparent glass of metaphosphate of soda (Na-O.PjO,), which may be dis¬ 
solved by soaking in water, yielding a slightly acid solution, which gives a white 
gelatinous precipitate with nitrate of silver, the liquid being neuiral-^ 

Na,0.P,0, + Agj 0 .N, 0 ,=AgsO.PjO, -H Na^O.NjO,. 

The crystallised metaphosphate of soda retains 1 molecule of water when dried at 
212“ F., becoming Na^O. PjOj. H,0. On heating this to SOO" F., the salt is converted 
into the acid pyrophosphate of soda, NbsO.UjO.PjOj, the water having assumed a 
basic character in the salt. 

All the phosphates may be converted into tribasic phosphates, by fusing them 
with an alkaline hydrate or carbonate.* 

164. Phosphorous acid (P,Oj) is the product of the slow combustion of phosphorus. 
If a piece of phosphorus be heated in a long glass tube, into which a very slow cur¬ 
rent of diy air is drawn through a very narrow tube, it bwns with a pale blue ilame, 
and white flakes of anhydrous phosphorous acid are deposited. Phosphorous acid is 
more easily converted into vapour than pliosphoric acid. It eagerly ahsorbs mois¬ 
ture from the air, and is decomposed when strongly heated in a scaled tube, yielding 
free phosphorus and phosphoric acid; 6 Ps, 0 j=SPjO, + P 4 . 

Hydrated phosphorous aeid is obtained in solution, mixed with phosphoric acid, 
when sticks of phosphorus arranged in separate tubes, open at both ends, and placed 
in a funnel over a bottle, are exposed under a bell-jar, open at the top, to air satu¬ 
rated with aqueous vapour. To obtain the pure acid, chlorine is vciy slowly passed 
through phosphorus fused under water, when the terchlorlde of phosphorus first 
formed is decomposed by the water into phosphorous and hydrochloric acids; 
2PCl,-f-6HjO=3HjO.P,Og-f6HCL The hydrochloric acid is expelled by a mode¬ 
rate heat, when the hydrated pho.sphorous acid is de^msited in prismatic mystuls. 
The water cannot be separated from phosphorous acid by heat; when the hydrate 
is heated, it is decomposed into hydrated phosphoric acid and gaseous phosphurette<l 
hydrogen; 4(3HjO. P,0,)=3(3HjO. PjO*) + 2 PH,. 

Solution of phosphorous acid gradually absorbs oxygen from the air, becoming 
phosphoric acid. This tendency to absorb oxygen causes it to act as a reducing 
agent upon many solutions ; thus it precipitates finely-divided metallic silver from 
a solution of the nitrate, by which its presence may be recognised in the water in 
which ordinary phosphorus has been kept. The solution of phosphorous acid even 
reduces sulphurous acid, producing sulphuretted hydrogen and sulphur, the latter 
being formed by the action of the sulphuretted hydrogen upon the sulphurous acid : 
2S0, + 2H,0 + 8(8H,0. P.Oj) = 2H,S -f- 8(8H,0.P,0,). 

If solution of phosphorous acid be poured into a hydrogen apparatus, some phosphu- 
retted hydrogen is formed which imparts a fine green tint to the hydrogen flame 
When solution of phosphorous acid is mixed with a slight excess of solution of soda, 
and carefully evamirated, crystals are deposited which have the composition 
2Naj0.Pj0,.HH,0. From these crystals, however, only 10 molecules of water can 
be separated, even at 570“ F., leading to the belief that the elements of the last 
molecule of water really belong to the acid itself, and that the true formula of the 
phosphite of soda dried at that temperature is fiNaiO.HgO.PtO^, or NagPHO,. If 
this view be correct, phosphorous acid should form two olassra of salts; accordingly, 
we find the acid phosphites containing only one fholecnle of base, the absent moU- 
cule being represented by water. Thus, acid phosphite of baryta dried at 212“ F. 
has the composition BaO.flHjO.P^O,, or BaPnU^O,. When heated, the phosphites 
are converted into phosphates at the expense of the oxygen of the water contained 

* It has been remarked that the pUaney of the add character of phosphoric add parti- 
criarly fits it to take part in the vital phenomena. It may be resided as three acids 
(U one. 
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in them, the hydrogen being evolved, often accompanied xthosphnietted 
hydrogen. 

165. Hypophosphorom add .—When phosphoms ia boiled with hydrate of baryta 
and water, the latter is decomposed, its hydrogen combining with part of the pho 8 > 
phoms to form phosphuretted hydrogen (sponteneonsly inflammable), which escapes, 
whilst the oxygen of the water unites with another part of the phosphoms, forming 
hypophospfaorous acid, which combines with baryta and water to form hypophosphite 
of binjrto ; this may be obtained by evaporating the solution, in crystals having the 
composition BaP,H 404 . The action of phosphoms upon hydrate of baiyta may 
be represented by the equation— 


8(Ba0.H,0) + 6Hj,0 + P* = 3 {BaP,H 40 *) + 2PH,. 

Hydrate of Hypqibofiphite Phnspharetted 

baryta. of baryta, hydrogen. 

Some j)hos{»hate of baryta (SBaO.PjOf) is also formed at the same time, as the result 
of a secondary action. 

By dissolving the hypophosphite of baryta in water, and decomposing it with the 
requisite quantity of sulpnuric acid, so as to precipitate the liaryta as sulphate, a 
solution is obtained which may be concentrated by careful evaporation till it has 
the composition represented by the formula lljP.II^O,. If this hydrated hypophos- 
phorous acid be heated, it evolves phosphuretted hydrogen, and becomes converted 
into hydrated phosphoric acid ; 2 (Ilj,Pj,n, 04 )= 3 Hg 0 .Pj 0 j + 2PH,. When exposed 
to the air it absorbs oxygen, and Incomes converted into phosphorous and phos^moric 
acids. It is a more jowerful reducing agent than phosphorous acid. The latter 
acid does not reduce a solution of sulphate of copper, but hypophosphorons acid when 
gently warmed with it, gives a black precipitate of hydride of copper (CuH), which 
is decompojed by boiling, evolving hydrogen and leaving metallic copper. 

When heated, the hyi»opho.si»l)ites evolve phosphuretted hydrogen, and are con¬ 
verted into phosphates. The hyijophosphitc of sotla (NajPjH 404 ) is sometimes used 
in medicine ; its solution has been known to explode with great violence daring 
evaporation, probably from a sudden disengagement of phosphuretted hydrogen. 

The phasphorous and liypophospLorous acids may be connected with phosphoric 
acid in the following manner— 


Anhydrous ])hosphoric acid P^O,, 
Mctapbosphoric ,, HjO.PjOj^HjO.PjOjOj'' 

Hypophosphorons „ HjO.PjOsH^' 

Pyrophosphoric ,, 211,0.Pj 0 jis^ 2 Hj 0 .PjH 40 

Phosphorous „ 2 HjO.P,(),H, 


where hypophosphorons acid is derived from metaphosidioric acid by displacing 
two atoms of diatomic oxygen by four atoms of monatomic hydrogen ; and phos^iho- 
rons acid is derived from pyrophosphoric acid by displacing one atom of diatomic 
oxygen by two atoms of monatomic oxygen. 


166. Suboidde of pliosplwrus is supposed to constitute the yellow or red residue 
which ia left in the dish when pliospborns 
bums in air, but it is always mixed with much 
phosphoric acid. If phosphorus be melted 
under watei- in a flask (fig. 22 .^), and oxygen 
gas be allowed to bubble through it (a bras.s 
tube being employed to convey the oxygen), 
each bnbhle of me gas produces a lirilliaut 
flash, and the phosphorus is converted into 
red flakes, which were believed to be snboxide 
of phosphorus, but are really amorphous phos¬ 
phorus. The tme suboxide of phospnorna {P 4 O) 
appears to be formed when small pieces of 
pnoaphonis are covered with terchloride of 
phosphorus, exposed to the air, and afterwards 



Pig. 226. 


IieatM with water, when the suboxide is deposited m a yellow powder, becoming 
red at high temperatures, and inflaming when heated in air. 
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J!> PHOSmiDBS OF Hydbogbit. 


187. Althongli phosphoros and hydrogen do not combme directly, 
there are three componnde of these elements producible by processes of 
substitution, the composition of which is shown in the following table :— 


Name. 

Formula. 

By Weight 

PhoephonM. 

Hydrogen. 

Phosphuretted hydrogen gas . . 

PH, 

31 

8 

Liquid phosphide of hydrogen . . 

PII, 

31 

2 

Solid phosphide. 

P,H? 

62 

1 





Fig. 226.—Preparation of phosplmretted 
hydrogen. 


Phosphuretied hydrogen gas (PHj = 84 parts by weight = 2 vols. = 
4 vol. P + 8 vols. H) is by far the most important of these. It has 

been mentioned above as result- 
action of heat upon hy ¬ 
drated phosphorous acid, and when 
prepared by this ‘process it is ob¬ 
tained as a colourless gas, with a 
most powerful odour of putrid fish, 
inflaming on the approach of a light, 
and burning with a brilliant white 
flame, producing thick clouds of 
phosphoric acid. It is slightly 
heavier than air (sp. gr. 1’19), and 
has been liquefied under liigh pres¬ 
sure. 

The ordinary method of preparing this 
gas for experimental purposes consists in 
boiling phosphorus with a strong solution 
dfTOTffinTwiienlrater is decoraposedrits 
hyufogcn combining with one part of the 
phosphorus, and its oxygen with another part forming hypophosphorous acid, which 
unites with the potash. 

A few fragments of phosphorus are introduced into a small retort (fig. 226), 
which is then nearly filled with a strong solution of potash (sp. gr. 1’8*), and 
heated. The extremity of the neck of the retort should not be jdnnged under 
water until the spontaneously infiamraable gas is seen burning at the orifice, 
and the retort must not be placed close to the face of the operator, since explo¬ 
sions sometimes take place in preparing the gas, and the boiling potash produces 
dangerous efiects. The gas may be collected in small jars filled with w'ater, 
taking care that no babble of air is left in them. It contains phosphuretted 
hydrogen, mixed With free hydrogen, the htter being formed from the deoxidation 
of water by the hypophosphite of potash. As each bubble of this gas escapes into 
the air through the water of the pneumatic trough, it bums with a vivid white 
flame, producing beautiful wreaths of smoke (phosphoric acid), resembling the 
gunner’s rings sometimes seen in firing cannon. Small bubbles sometimes escape 
without spontaneously inflaming. If a bubble be sent up into a jar of oxygen, 
the flash of light is extremely -nvid, and the ja» must be a strong one to resist 
the concussion. It is advisable to add a trace of chlorine to the oxygen to 
insure the inflammation of each babble, for anaccamolation of the gas would shatter 
theiar. 

If this gas be passed through a tube cooled in a freezing mixtare of ice and salt, 
thiitgas reaping frpm the tube is found to have lost its spontaneous inflammabilii^, 

* 460 gra|ta.‘< if coonmon stidi potash dissolved in 1000 grains of water. 





OHLOBIPXB OF FHOSPSOfiVS. * 


237 

dthoQ^ it takes fixe on contact with flatne. The cold tube contwna ^ Viquid 
phoapMde of hydrogen (FH,), which was present in the gaa in the state of -vapour, and 
can^ its spontaneous infiammability, for as soon as this liquid comes in contact 
with air it takes fire. When exposed to Ikht,* the liquid phosphide is decomposed 
into phosphnretted hydrogen ^ and a yeuow solidpko^ide (P^), wMch is not 
spontaneously inflammable; 6PHj = F,H + 8PH,. It is for thu reason that 
spontaneously inflammable gas loses that nropertr when kept (unless'in .the dark), 
depositing the solid phosphide upon the sioes of the jar. 

By passing a few drops of oil of turpentine up through the water into a iar of the 

r ntaneously inflammable gas, this property will be entirely destroyea, whereas 
addition of a tracte of nitrous acid imparts spontaneous inflammability. 
Phosphuretted hydrogen, when passed through solutions of some of the metah^ 
precipitates their phosphides. For example, with sulphate of copper it gives a 
black precipitate of phosphide of copper— 

8(Cnp.60,) + 2PH8 = 3(H,O.SO,) + P,Cu,. 

When this black precipitate is heated with solution of cyanide of potassium, it 
evolves self lighting phosphuretted hydrogen.* In fact this is one of the ead^ 
and safest methods of preparing this gas; for the phosphide of copper is readily ob¬ 
tained by simply boiling phos|diorns in a solution of sulphate of copper. 

Phosphuretted hydrogen has great pretensions to rank os the chemical analo^e 
of ammonia, for although it has no alkaline inroperties, it is capable of combining 
with hydrobromic and hydriodic acids to form ctTstalline compounds analogous to 
the hydrobromate and hydriodate of ammonia ; these compounds, however, are de¬ 
composed by water. It will be seen hereafter, that when the hydromn of phos- 

} »huretted hydrogen is displaced by certain compound radicals, such as ethyle, power- 
al organic bases are produced. 

The sjwntaneously inflammable phosphuretted hydrogen may also be obtained 
by throwing fragments of phosphide of calcium into water; this substance is pre¬ 
pared by passing vapour or ]>hos]>borua over red-hot quick-lime, or simply by heat¬ 
ing small tumps of quick-lime to bright redness in a crucible and throwing in fn^- 
ments of phosphorus, closing the crucible immediately. The dark brown mass thus 
obtained is a mixture of pyrophosphate of lime and phosphide of calcium, of some¬ 
what variable conqiosition. 

When phosphuretted hydrogen gas is decomposed by a succession of electric sparks, 
2 vola. of the gas yield 3 vols. of hydrogen, the phosphorus being deposited in the 
red or amorphous fom. 

168. Txoo cMori^ of phosjxhorus are known. The terchlorhle (PClg) is prepared 
by acting upon jihospbonis with perfectly dry chlorine in the apparatus employed (p. 
220) for preparing the chloride of sulphur. Terchloride of phosphorus distils over 
very easily (boiling point, 173®'4 F.), os a colourless pungent liquid (sp. gi-. 1*62), 
which fumes strongly in air, its vapour decomposing the mois+ure of the air and pro¬ 
ducing hydrochloric acid fumes. In contact with water the liquid is immediately 
decomposed, yielding hydrochloric and phosphorous acids, os described for the pre¬ 
paration of the latter acid (p. 234). Its analogy to anhydrous phosphorous acid is 
shown by its absorbing oxygcui when boiled in tne presence of that gas, and forming 
tlie oxychloride of phosphorus (POI 3 O) corresponding in comjwsition to anhydrous 
phosphoric acid.' It also absorbs chlorine with avidity, becoming converted into 
peniachloride. of phosphorus (PCI*). This compound, however, is more conveniently 
prepared by passing chlorine through a solution of phosphorus in bisulphide of carbon, 
carefully cooled. On evaporation, the pentachloride of phosphorus is deposited in 
white prismatic crystals, which volatilise below 212 ® F,, and fume when exx>osed to 
air, from the production of hydrochloric acid. ^ When thrown into water it is decom¬ 
posed into phosphoric and hydrochloric acids; 2PC1, + 8 HjO s= 3H,O.P,Og + 
lOHCl. But if it be allowed to deliquesce in air, only a partial decomposition 
tidtes place, and oxychloride of phosphorus is formed; 

PCI, + H,0 = PC1,0 + 2HCI. 

This oxychloride of phomhoqis may also be produced by heating pentachloride 
of phosphorus with onhyarons phosphoric acid; F,0, + 8P01, = SPCUO. A 
more instructive method of preparing it consists in distilling the pentachloride of 
phosphorus wi^ crystallised iioracio acid— 

8P01, + 8H,0.B,0, =: 8PC1,0 + 6HC1 + B,0,. 

* Cyanide of copper and phosphide of potassium being formed, and the latter deeom- 
polled by water, ^ving phos^nretted hydrogen, and hypoihosphite of pdnsh. 
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Some of ihe hydrated oiganie acids (sncoinio, for example) may be obtained in 
the anhydrooB state, as the boracic acid is in this case, by distillation with penta* 
chloride of phosphorns. The oxychloride of phosphorus distils over (boilu^ point, 
280® P..) as a heavy (sp. gr. 1’7) colourless fuming liquid of pungent odour. Of 
course it is deconmised oy water, yielding hydrochloric and phosphoric aci^.r It 
will be found of the greatest use in effecting certain transformations in organic sub* 
stances. . 

The analog between water and hydrosnlphnric acid would lead to the expecta* 
tion th&t & smphodtloride of phosphorus (PCl^S), corresponding to the oxychloride, 
would be formed by the action of hydrosulphuric acid ujwn pentachloride of phos* 
phorus; PCI, + H,S = PC1,S + 2HC1. It is a colourless fuming liquid, which is 
slowly decomposed oy water, giving phosphoric, hydrochloric, and hydrosulphuric 
acids; 2P01,S + 8H,0 = 3H,O.PjO, + 6HCI + 2 H 2 S. When acted on by solu¬ 
tion of soda, the sulphochloride of phosphorus loses its chlorine to the sodium, 
and acmiires an equivalent quantity of oxygen, a sulphon^-phosphate of soda 
(3Naj|0.P20,Sj.24H,0) being deposited in crystus. This salt evidently corresponds 
in composition to the triphosphate of soda (3Na,0.P30,.24H,0), and its produetipn 
is expressed by the equation; 2PC1,S + 6Na,0 — 6NaCl -f 3Na,0.P,0,ijj. Swts 
of similar comiwisition may be obtained with other metallic oxides. 

'J'he bromides and oxj^romide of phosphorus correspond to the chlorine com¬ 
pounds. 

Iodine in the solid state combines very energetically with phosphorus, but if the 
two elements be brought together in a state of solution in bianlphide of carbon, a 
more moderate action ensues, and two iodides of phosphorus may be obtained in crys¬ 
tals; a teriodide (PI,) corresponding to the terchloride, and a biniodide (PI,), 
which has no analogue either among the oxygen, chlorine, or bromine compounds 
of phosphorus. 

The addition of a very small quantity of iodine to ordinary phos[>horus, fused in a 
flask filled with carbonic acid gas, materially accelerates its conversion into the red 
modification, and allows the change to be elfected at « much lower teiniieraturc 
than that required when the phosphorus is heated alone. This has been ascribed 
to the disposition of the electro-negative iodine to cause the phosphorns to assume 
the positive or amorphous state when entering into combination with it; this com¬ 
pound being decomposed by heat with separation of amorphous phosphorus, the 
iodine combines with a fresh portion of the phosphorous, which is converted in the 
same way. 


169. The sulphides of phosphorus may be formed by the direct dtoibination of their 
elements. If ordinary phosphorus be i sed, the experiment is not unattended with 
danger, and should be performed under water. It is saier to combine the amor¬ 
phous phosphorus with sulphur, at a moderate heat, in an utniosplierc of carbonic 
acid. 

There appear to be at least three sulphides of phosphorus, viz., the protosulphido 
(P.S), the sesquisulphide (PjS,), representing phosphorous acid (P 2 O,), and the penta- 
snlphide analogous to phosphoric acid (P,0,). 

P,S is a yellow oily liquid which may be distilled out of contact with air. 

P,S, is a yellow solid, easily fusible, and capable of subliming in a crj'stalline 
form if air be excluded. It may be produced by the action of hydrosulphuric acid 
upon terchloride of phosphorus; 2PC1, + 3H,S = P,Sg ■<- 6HC1. 

P.S, crystallises more readily in a fused state than PjSj. Beth these sulphides, 
uulike the x>i'otosalphide, are easily decomposed by water. All the sulphiaes are 
sulphur-acids. 


170. Action of ammonia upon anhydrous phosphoric add .—Some remarkably stable 
and definite compounds, containing nitrogen and phosphorus, are derived from the 
action of ammonia on anhydrous phosphoric acid, and the study of their mode of 
formation will be found to throw some, light upon the history of a very large and 
important class of organic substances known as the gmidcs. 

Anhydrous phosphoric acid absorbs ammoniacal gas with great evolution of heat, 
and produces, not phosphate of ammonia, for that cannot be formed unless water is 
present, but the ammoniacal salt of a new acid^ pkosphamie acid, which contains the 
elements of acid phosphate of ammonia (NH 4 ), 0 . 2 Hj 0 .Pj 0 j) minus four molecules 
of water— 


f P*fl* = HgO + Nj|H 4 3 O 4 {Phoi/^amie add). 



ARSTOIC. 
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When gently heated with water, phosphamic acid is conrerted into add phoephate 
uf ammonia. 

When the phosphamate of ammonia is heated in a cnirent of dry ammonia, it 
gives off water, and leaves a pUow insoluble substance formerly Bupi>osed to be 
pho^hidi of nitrogen, but now known as phoaphaan — 

(/’AoQ)Aama«(V'ant>noiif<») ss 6H,0 4- 2KgHP (/AoQiAam). 

It is not suimrising that the presence of hydrogen in this substance should have 
been overlooked, for it may be heated to redness (out of contact with air) without 
’ alteration, is unaffected.by chlorine, and is very dowly acted upon by nitric add. 


Action of ammonia on oxychloride of pkosphorua. 

PCljO o//>AovAort«) + 8NH, = 3HC1 + N,H,PO . 

Of course the hydrochloric acid combines with the excess of ammonia to form 
hydrochlorate of ammonia, which may be washed out with water, leaving the phos- 
photriamide as a white insoluble solid, not easily attacked by acids or dkalies. It 
may be regarded as triphosphate of ammonia (3(NH4)a0.P20j) minus six molecules of 
waW, which would furnish two molecules of phosphotriamide. 

If sulphochloride of phosphorus be submitted to the action of ammonia, sulphos* 
photriamide is obtained— 


pni.S + 3NH, 
Sulphochloride of 
pliosphuTus. 


3HC1 + N,H,PS. 
Sulphosphotriamide. 


This compound may evidtuitly Iw regarded as sulphophosphate of (sulphide of) 
ammonium (3(NIl4)2S.P,S5) minus six molecules of hydrosulphuric acid. 


Action of ammonia on pentachloride of phosphorus. 

PClj + 2NHj, = 2HC1 + NjHjPClj ((‘h’on>i»hosptutmiilt ). 

The hydrochloric acid comhines with the excess of ammoniit, forming hydrochlorate 
of ammonia. By boiling chloi-ophosphamide Avith water, a very stable insoluble sub¬ 
stance is obtained, known as phosphodiamide — 

NjHjPClg (CMortyytosphamiUe) -f IJjO = NjIIjPO (Ptmphodiamiilf) 8HC1. 

This substance may be represented as derived from the phosphate of ammonia 
(2(N 11 ^) 20 . HjO.PjOj) by the abstraction of six molecules of water, furnishing two 
inolecnles of phosphodianiide. 

When phosphoditmidc is heated it loses ammonia and becomes monophosphamide— 

N.HjPO = NH, + NPO. 

Phosphodittinide. Uonnphosphatnldc. 

which may be regarded as acid phosphate of ammonia ((NH^ljO.SHjO.PjO,) minus 
six molecules of water, yielding two molccule.s of monophosphaniide. 

llie phrase amides of phosphoric acid refers to those substances which may be 
represented as derived from the phosphates of ammonia by the loss of a certain 
number of molecules of water ; thus— 

(NIl4),0.2H,0.P80s — 6H,0 = 2NPO Monoj)hosphamide. 
2(NH4)20.Hj,O.Pj0j — CHjO = 2N2H,PO Phosphodiamide. 
3 (NH4 )jO.Pj()j — 6H,0 =■■ 2 Ngn 4 PO Phosphotriamide. 

All* these substances yield ammonia and phosphate of potash when heated with 
hydrate of piitash, when they acquire the elements of water. 


ARSENIC. 

As = 75 parts by weight* 

171. This element is often classed a mong the me tals, because it has a , 
Tnfltftllm higtrc and conducts electricity , hut it is ^ot capable of fonainc^ a 
base wth'oxvgen. and the chemical character^ and composition, of itiT 
compounas connect it in the closest manner with phosphorus^J?' 

* The specific gravity of the vapour of arsenic, like that of phosphorus, indicates that 
75 ports by weight only occupy half a volume. 
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In its mode of oceurtenoe in nature it more newly resembles tlie 
sttlpliur group of elements, for it is occasionally found in uncombined 
state {naiive arsenic)^ but far more abundantly in combination with 
various melnls, forming araenides, which frequently accompMy the sul¬ 
phides of the same metals. The following are some of the chief arsenides 
and arsenio^UpMdes found in the minerd kingdom:— 

Enpfernickd, NiAs. 

Arsenical nickel, NiAs,. 

Tin-white cobalt, CoASj. 

Mispickel or arsenical pyrites, FeSg. FeAsj. 

Cobut-glance, CoS,. CoAs,. 

Nickel-glonce, NiS,. NiAs,. 

But arsenic also occurs, like the metals, in combination with sulphur, 
thus we have— 

. Red orpiinent or realgar, As^S,. 

Yellow orpiment, As,Sg. 

It is from these minerals that arsenic derives its name (Apa-evutw, orpiment), 
and the sulphides of arsenic being sulphur-acids, are found in combination 
with other sulphides; thus red silver ore is a compound of the sulphides 
of silver and arsenic (3Ag,S.As.jS.,); Tennantite contains sulphide of 
arsenic combined with the sulphides of iron and copper; and grey topper 
ore is composed of sulphide of arsenic with the sulphides of copper, silver, 
zinc, iron, and antimony. In an oxidised form arsenic is found in condtir- 
rite, which contains arsenious acid (ASgOg) and suboxide of copper. 
CdbaU-hlwmi consists of arseniato of cobalt (SCoO.ASgO,). 

Arsenical pyrites is one of the principal sources of arsenic and its com¬ 
pounds, though a considerable quantity is also obtained in the form of 
arsenious acid as a secondary pinduct in the working of certain ores, 
especially those of copper, tin, cobalt, and nickel. 

The substance used in the arts under the name of arsenic is really the 
oxide of arsenic or arsenious acid (AsgO,); pure arsenic itself has very few 
useful applications, so that it is not the subject of an extensive manufac¬ 
ture. It can be extracted from arsenical p^ites {FeSyFeAs,) by heating 
it in earthen cylinders fitted with iron receivers, in w^hich the arsenic con¬ 
denses as a metallic-looking crust, the heat expelling it from the pyrites 
in the form of vapour. 

On a sin^ scale it may be obtained by heating a mixture of arsenious acid with 
half its weight of recently calcined charcoal in a crucible (fig. 227), the mixture 

being covered with two or three inches of char¬ 
coal in very small fragments, and the crucible so 
placed that this charcoal may be heated to red¬ 
ness first, in order to ensure the reduction of any 
arsenious acid which urght escape from below. 
In order to collect the arsenic, another crucible, 
having a small hole drilled tiirough the bottom 
for the escape of gw, is cemented on to the first, 
in on inverted position, with fire-clay, and pro¬ 
tected from the fire by an iron plate with a hole 
in it for the crucible. The reduction of oraenioas 
acid by charcoal is thus represented— 

AsjO, + Cg = As, + 800. 

For the sake of illoifration, a alkali quantity 
of arsenic may be prepared from arsenious add 

Pig. 227.—Extraction of arsenic, by a method commonly employed in testing for 

that substance. A small tube of Qerman glass 
"Widrawn out to a nwarow point (A, %, 228), and sealed with the aid of the Wow- 
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pipe. A very miimte quantity of arseniotts add is introdncod into the point of the 
tooe, and a few fragments of 
charcoal are placed in the tube 
itself at B. The charcoal is 
heated to redness with a blow¬ 
pipe dame, and the point is 
then heat^ so as to drive the 
arsenious add in vapour over 
the red-hot charcoal, when a 
shining black ring of arsenic 
(C) will be deposited upon the 
cooler portion of the tuEe. 

Thearsenicthus obtained 
is a brittle mass of a dark 
steel-grey colour and bril¬ 
liant metallic lustre (sp. gr. 5-7). It does not fuse when heated, unless 
in a sealed tube, since it is converted into vapour at 356 F. It is not 
changed by exposure to air, tmless powdered and moistened, when it is 
slowly converted into arsenious acid. W hen heated in air, it ox idise s 
mpidly at. nbniit ] fifl” ]?, giving o ff white fumes of arsenious acid and a clha- 
racteristic ga rlic odour (recalling that of phosphorus), ^t a red heat it 
bums in air with a bl uish wlute flam e, and in oxygen with great bril¬ 
liancy. It is not dissolved by water or any simple solvent (herein 
resembling the metals), but is oxidised and dissolved by nitric acid. 

In its chemical relations to other elements, arsenic much resembled 
phosphorus, undergoing spontan^eous jeombustion. in chlorine, and easily j 
combining with sulphur. Eke phosphorus also, it combines with many^ 
metals, even -with platinum, to form arsenides, and its presence often 
affects materially the properties of the useful metals. There are some 
reasons for believing in the existence of two allotropic forms of arsenic 
differing in chemic^ activity like those of phosphorus. 

Pure arsenic does not produce symptoms of poisoning till a considerable 
period after its administration, being probably first oxidised in the stomach 
and intestines, and converted into arsenious acid. 



Oxides of Arsenic. 

172. Arsenic forms two well-defined acids with oxygen, corresponding 
to phosphorous and phosphoric acids. 



Formula. 

By Weight. 


Arsenic. 

Oxygen. 


Arsenious acid, 

ASjOj 

ASaOj 

150 

48 

Arsenic acid, 

150 

80 


Arsenious Acid (As,Os = 198 paits by weight = i vol. = l vol. As + 
3 vola. O)*. —Unlike phosphorus, arsenic, when burning in air, only com¬ 
bines with throe atoms of oxygen. Arsenious acid, or whit6 arwniCf is a 
very useful substance in many branches of industry. It is employed m 
the manufacture of glass, of several colouring-nmtters, and of shot, A 
large quantity is also consumed for the preparation of arsenic acid and 

• The specific gravity of areenious acid vapour is 198 times that of hydrogen, instead of 
94 times, accordiog to the usual law. 


Q 
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ABSBNIOUS ACID. 


ftrseniate of soda; it is, indeed, the source from which nearly all the 
compounds of arsenic are procured. Small quantities of crystalline 
arsenious acid are occasionally found associated with the ores of nickel 
and cohalt. 

Arsenious acid is manufactured hy roasting the arsenical pyrites, chiefly 
obtained from the mines of Silesia, in muffles or ovens, through which 
air is allowed to pass, when the arsenic is converted into arsenious acid, 
and the sulphur into sulphurous acid, which are conducted into large 
chambers, in which the arsenious acid is deposited as a very fine powder. 
The iron of the pyrites is left partly as oxide, and partly as sulphate of 
iron. The removal of the arsenious acid from the condensing chambers 
is a very unwholesome operation, owing to its dusty and very i>oi80nous 
character. The workmen are cased in leather, and protect their mouths 
and noses with damp cloths, so as to avoid iulialing the fine powder. 

This rough arsenious acid is subjected to a second sublimation on a 
smaller scale in iron vessels, when it is obtained in the form of a semi¬ 
transparent glassy mass known as vitreous arsenious ae.id^ which gradually 
becomes opaque when kept, and ultimately resembles iwrcelain. The 
white arsenic sold in the shops is a fine powder, dangerously resembling 
flour in appearance, but so much heavier (sp. gr. 3’7) tliat it ought not to 
be mistaken for it. When examined under the microscope, it appears in 
the form of irregular glassy fragments, mixed with oct^edral crystals. 
Arsenious acid softens when gently heated, but does not fuse (unless in a 
sealed tube), being converted into vapour at 380° F., and depositing in 
brilliant octahedral crystals upon a cool surface. The experiment may be 
made in a small tube sealed at one end, the upper part of which should 
be slightly warmed before heating the arsenious acid, so as to prevent too 
rapid condensation, which is un&vourable to the formation of distinct 
crystals.* The octaliodra are best examined with a binocular microscope. 
This common poison may fortunately bo still more easily recognised by 
^sprinkling it upon a red-hot coal, when a strong odour of garlic is percep¬ 
tible, due to the reduction of the acid by the heated jearbon; the vapour 
of arsenious acid itself is inodorous. The sparing solubility of arsenious 
acid in water is very unfavourable to its action as a poison, for, when 
thrown into ordinary liquids, it is dissolved in very small quantity, the 
greater part of it coUocting at the bottom. Even when arsenious acid is 
taken into the stomach in a solid state, its want of solubility delays its 
passage into the blood sufficiently to give a better chance of antidotal 
treatment than in the case of most other common poisons. Its compara¬ 
tive insolubility is shown by its being almost tasteless. 

When thrown into water, arsenious acid exhibits great repulsion for 
the particles of that liquid, and collects in a characteri^ic manner round 
little bubbles of air, forming small white globes which are not wetted by 
the water. Even if the acid bo stirred with the water, and allowed to 
remain in contact with it for some hours, a pint of water (20 oz.) would 
not take up more than 20 grs. of arsenious acid. The smallest dose which 
has been known to prove fatal is 2*5 grs. If boiling water be poumi 
upon powd^d arsenious acid, and allowed to remain in contact with it 
till cold, it will dissolve about of its weight (22 grs. in a pint). 

When powdered arsenious acid is boiled with water for two or three 

* When amenirjas acid U fused in a long tube, sealed at both ends, and buried in hot 
'Nsa^ the mass, after cooling, ia found to contain some prismatic ciystals, which are idso 
sublimed on .those parts of the tube which have been heated above 390® F. 
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hours, 100 parts by weight of water may be made to dissolve 11-6 parts 
of the acid, and when the solution is allowed to cool, about 9 parts of the 
acid will be deposited in octahedral crystals, leaving 2*5 ports dissolved 
in 100 of water (219 grs. in a pint). 

This great increase in the solubility of the arseuious acid by long boiling 
with water, is usually attributed to the conversion of the opaque or crys¬ 
talline variety of the acid, which always composes the powder, into the 
vitreous modification, which is the more soluble in water. Water, heated 
with arsenious acid in a sealed tube, may be made to dissolve its own 
weight of the acid; as the solution cools, it first deposits prismatic crystals, 
and afterwards the ordinary octahedral form. The solution of arsenious 
acid is very feebly acid to blue litmus paper. 

Ai^enious acid dissolves abundantly in hot hydrochloric acid (a part of 
it being converted into terchloride of arsenic), and as the solution cools, 
part of the acid is deposited in large octahedral crystals. It is said that 
if the vitreous acid be dissolved in hydrochloric acid, tho formation of 
these crystals will be attended by flashes of light, visible in a darkened 
room; but the opatpie varie.ty does not exhibit this phenomenon. 

The vitreous arsenious acid has a slightly higher specific gravity than 
tho opaque form, and fuses rather more easily. Tho oj>aquo variety appears 
to bo identical in its properties with crystallised arsenious acid. 

Solutions of tho alkjdies readily dissolve arsenious acid, foiming alkaline 
arsenites, tho solutions of which are capable of dissolving arsenious acid 
more easily than water, and deposit it in crystals on cooling. Arsenious 
acid is sometimes dejx)8itcd in [trmnafic crystals from its solution in 
jiotash, and tlie same form of crystallised arsenious acid has been found 
native. On adding a small quantity of hydrochloric acid to the solution 
of the alkaline arsenito, a white precipitate of arsenious acid is formed. 

Arsenious acid has the i)roporty of preventing the jratrefaction of skin 
and similar substances, and is occasionally employed for the preseiwation 
of objects of natural history, &c. 

Arsenite^i .—Arsenious acid does not destroy the alkaline reaction of tho 
alkalies, and it does not decompose the alkaline carbonates unless heat is 
applied, proving it to bo a feeble acid. Tho arsenite of ammonia is very 
unstable, evolving ammonia freely when exposed to the air. When 
arsenious acid is dissolved in a hot solution of ammonia, octahedral crys¬ 
tals of the acid are deposited on cooling, notmthstanding the presence of 
ammonia in laige excess. 

When the carbonates of potash and soda aro fused with an excess of 
arsenious acid, brilliant transparent glasses are obtained which are similar 
in composition to glass of borax (K. 0 . 2 As.j 03 and lfaj 0 . 2 As, 03 ). 

If an alkaline arsenite' be fused in contact with platinum, the latter is 
easily melted, combining with a small proportion of arsenic to form a 
fusible arsenide of platinum, a portion of the oi'senious acid being con¬ 
verted into arsenic acid; 5ASj<)., = 3 As.jOb + As^. The alkaline ar^n- 
iates are so much more stable than the arsenites, that the latter exhibit a 
great tendency to pass into thg former, with separation of arsenic. 

In consequence of tlie feeble acid character of arsenious acid, and the 
want of stability of tho alkaline arsenites, there is some difficulty in ascer¬ 
taining whether it is a monobasic acid or otherwise. The arsenite of 
silver (3Ag,O.ASjOs), however, contains 3 molecules of oxide of silver 
combined with 198 parts of arsenious acid; and arsenite of, zinc 
(3ZnO.As*Og) contains 3 molecules of oxide of zinc combined with 198 
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parte of arsenioua acid. Moreover, the arsenite of magnes^ dried at 
400® F., has the composition 2MgO.H,O.AsjOj, so that araenious acid 
would appear to resemble boracic acid, in requiring 3 molecules of potash 
or soda to form a completely saturated compound. liTo compound of the 
anhydrous acid with water or its elements has yet beeft obtained. 

The arsenites of potash and soda in solution are sometimes employed 
as sheep-dipping compositions; and an arsenical soap, composed of arsenite 
of potash, soap, and camphor, is used by naturalists to preserve the skins 
\of animals. Arsenite of soda is also occasionally employed for preventing 
^incrustations iii steam-boilers, being prepared for that purpose by dissolving 
12 'molecules of araenious acid in 1 molecule of carbonate of soda. 

* Schecle's green is an arsenite of copper ( 2 Cu 0 .Hj 0 .Asj 03 ) prepared by 
Idissolving arsenious acid in a solution of carbonate of potash, and decom- 
^posing the arsenite of potash thus produced by adding sulphate of copper, 
(when the arsenite of copper is precipitated. This poisonous colour is 
used to impart a bright green tint to paper hangings, and is sometimes 
injurious to the health of the occupants of rooms thus decorated, since 
the arsenite of copper is often easily rubbed off the paper, and diffused 
through the air in the form of a fine dust, a small portion of which is 
inhaled with every breath. 


Tlie presence of the arsenite of copper in a sample of such paper is readily proved 

by soaking it in a little ammonia, which 
will dissolve the ai-senite of cop^r to a 
blue liquid, the presence of arsenic in 
which may be shown by acidifying it 
with a little pure hydrochloric acid, and 
boiling with one or two stri}>s of pure 
copper, which will become covered with 
a steel-grey coating of arsenide of cop¬ 
per. On washing the copi>er, diying it 
on filter-iMiper, and heating it in a small 
tul>G (iig. 22d), the arsenic will be con¬ 
verted into ai-senions acid, which will 
deposit in brilliant octahedral crystals on 
Fig. 229. I'^rt of the tube. It is obvious 

that, to avoid misbikes, the ammonia, 
hydrochloric acid, and copper should be examined in precisely the same way, with¬ 
out the suspected pa}>cr, so as to render it certain that the arsenic is not derived from 
them. 



The effective green colour of the arsenite of copper also leads to its 
employment as a colour for feathers, muslin, &c., where it.is very inju¬ 
rious to the health of the work-people. It has even been ignorantly or 
recklessly used for colouring twelfth-cake ornaments, &c. 

In quantities short of poisonous doses, arsenious acid appears to have a 
remarkable effect upon the animal body. QjQQBw-^ecasionally employ it 
to improve the appearance of horses, and in Styria it seems to be taken 
by men and women for the same purpose, apparently favouring the secre¬ 
tion of ffit. It is said that a continuance of the custom developes a 
I craving for this drug, and enables large doses to be taken without imnie- 
- diate danger, though the ultimate consequences are very serious. 

Solution of arsenite of potash {Fowleda solution) has long been used in 
medicine. 


173. Arsenic add (As,Ob = 230 parts by weight).—^This acid has 
acquired great importance in the chemical arts during the last few years, 
LsWg Wn employed to replace the expensive twtaric acid used in 



^ ATiSENIBTTBa) HYDEOaiN. 245 

calioo-printing, and to farmsli, by its action upon anilme, the magnificent 
dye known as Magenta. 

Arsenic acid is prepared by oxidising arsenious acid with three-fonrths 
of its weight of nitric acid of sp. gr. 1*35, when it dissolves with evolution 
of much heat and abundant red fumes of nitrous acid— 

As^a + HgO.jSrPj + 2H^O = IfjOj + SHjO.ASgOj. 

After cooling, the solution deposits very deliquescent prismatic ciystals 
containing 3HjO.A8jOB.Aq. AVhen these are heated to 212® F. they 
melt, and the liquid gradually deposits needle-like crystals of trihydrated 
arsenic acid, SHjO.AsjOg, corresponding to common ortribasic phosphoric 
acid. At 300° F. the hydrate 2 Hj 0 .A 8 j 03 may be obtained, and at a 
temperature of 600® F. a white mass of anhydrous arsenic acid (ASjOj) is 
left. If this be heated to redness, it fuses and is decomposed into arsen¬ 
ious acid and oxygen. 

The hydrates of arsenic acid have acquired unusual importance, in conse¬ 
quence of a costly trial, in the law courts, of the question, whether the 
patent for Magenta dye could be pronounced invalid because the patentee 
had described it as being producible by the action of drg arsenic acid 
upon aniline; whereas the anhydroae acid, acting upon aniline, will not 
furnish the colour, though either of the solid (and therefore dry in popular 
language) hydrates will do so. The patent was eventually invalidated, 
though not merely upon this question. 

Anhydrous arsenic acid has very much less attraction for water than 
the anhydrous phosphoric acid to which it corresponds; it deliquesces 
slowly in air, and dissolves rather reluctantly in water. Jfeither does it 
appear that its combinations with water differ from each other, like the 
phospluttic acids, in the salts to which they give rise, arsenic acid forming 
tribasic salts only, like common jihosphoric acid. The arseniates cor- 
I'espond very closely to the tribasic phosphates with which they are 
isomorphous (/,«>., identical in ciystalline form). Thus the three arseniates 
of soda are similar in composition to the three tribasic phosphates of 
soda, their formuhu being 3XajO.As„(>5.24Aq.; 2NajU.IIj().A8jOB.24Aq.; 
and l^aj 0 . 2 ll 20 .ASi, 05 .Aq. Uut if the two last salts be heated, tliey lose 
their basic water without giving rise to now salts corresponding to the 
pyrophosphate and metaphosphute of soda, and resume their former con¬ 
dition when placed in contact with water. 

The common arseniate of soda (22»rajO.If,O.ASjO,.14A<p) is largely 
used by calico printers as a substitute for the dung-baths formerly em¬ 
ployed, since, like the common phosphate of soda, it possesses the feebly 
alkaline properties requii-ed in that particular part of the process. It is 
manufactured by combining ai’senioxis acid with soda, and heating the 
resulting arsenite of soda with nitrate of soda, from which it acquires 
oxygon, becoming converted into arseniate of soda. 

Arsenic acid is a much more powerful acid than arsenious acid, being 
comparable, in tliia respect, with phosphoric acid. It appears to be less 
poisonous than arsenious acid. 

174. Armiiettcd hydrogen (AsH* = 78 parts by weight = 2 vols. = 
I voL-As + 3 vols. H).—The only compound of arsenic and hydrogen, 
the existence of which has been satisfactorily established, is that which 
corresponds to ammonia and phosphuretted hydrogen gas, and is repre¬ 
sented by the formula, AsH^. It is prepared by the action of sulphuric 
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acid diluted with three parts of water upon the arsenide of zinc, obtained 
by heating equal.weights of zinc and arsenic in an earthen retort] 
ZnjAsg + 3 (Hj, 0.S08) = 2AeH8 + 3(ZnO.SOg). The gas is so poisonous 
in its character that its preparation in the pure state is attended with 
danger. It has a sickly alliaceous odour, and may be liquefied at — 40“ 
It is inflammable, burning with a peculiar livid flame, producing 
water and fumes of arsenious acid j 2 ASH 3 + 0„ = As^Oj + 311/). I’he 
chief interest attaching to this gas depends upon the circumstance that its 
production allows of the detection of very luiuulo quantities of arsenic in 
cases of poisoning. 

'fhe application of this test, known as Marsh’s test, is the safest method of prepar¬ 
ing arsenietted hydrogen in o^er to study its properties, for it is obtained solar^ly 
diluted with free hydrogen jthat it ceases to be so very dangerous. Some fragments 
of granulated zinc are introduced into a half-pint bottle 
(fig. 230), provided with a fnnnel-tnbe (A), and a narrow tube 
(B) bent at right angles and drawn out to a jet at the extremity; 
this tube should be made of German glaas, so that it may not 
fuse easily. The bottle Having been about onc-thinl filled 
with water, a little dilated sulphuric acid is poured down the 
funnel-tube so as to cause a moderate erolntiou of hydrogen, 
and after about five minutes (to allow the escape of the air) 
llie hydrogen is kindled at the jet. if a few drop.s of a solu¬ 
tion obtained by boiling arsenious acid with water be now 
}ioured down the funnel, arsenietted hydrogen will be evolved 
together with the hydrogen— 

ASaOg + ZUfl + fiiHjO.SOa) = 2ASH3 + 6(Zn0.S08) + SHjO. 

The hydrogen fiome will now acquire the livid hue above referred to, and a white 
smoke of arsenious acid will rise from it. If a piece of glass or 
porcelain be depressed npon the flame (fig. 231), it will acciumi 
a metallie-looking coating of arsenic, just as carbon would be 
deposited from an ordinary gas-fiamc. Arsenietted hydrogtm 
Fig. 231. is easily decomposed by heat, so that if the glass tube 
through which it (lasses be heated with a s]){rit-laiiip (fig. 232), 
a daik mirror of arsenic will be, deposited a little in front of the heated part, ami 

the flame of the gas will lose its livid hue. 'These 
deposits of arsenic are extremely thin, so that a 
very minute quautity of arsenic is requirwl to 
form them, thu.s rendering the test one of extra- 
ordin.iry delicacy. It must be rcniemben'd, how¬ 
ever, that both sulphuric acid and zinc are liable 
to contain arsenic, so that erroneous results may 
be very easily arrived at by this test in the hands 
of any but those specially devoted to such investi¬ 
gations. 

Aj^ieuiettcd hydrogen, like suljdiuretted hydro- 
g<>n, causes dark precipitates in many metallic 
solutions. 

Phosphuretted hydrogen, arsenietted hy¬ 
drogen, and ammonia, constitute a group of 
hydrogen compounds having certain pro¬ 
perties in common, which distinguish thorn from the compounds of 
hydrogen with other elements. , 

Two volumes of each of these gases contain three volumes of hydrogen. 

They are all possessed of peculiar odours, that of ammonia being the 
. moat powerful, and that of arsenietted hydrogen the least. 

Ammonia is powerfully alkaline, phosphuretted hydrogen exhibits 
fion|e tendency to play an dkalino part, whilst arsenietted hydrogen seems 
ikvoi'd of alkab’ne disposition, 
y * 
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All these are inflammable, ammonia being the least so of the group; 
and all are decomposed by heat, ammonia least easily, and arsenietted' 
hydrogen most easily. 

They are all producible from their corresponding oxygen compounds, 
viz., NjOj,, 1\0„ and As,0,, by the action of nascent hydrogen {e.g., by 
contact with zinc and diluted sulphuric acid). 

All three are the prototypes of various organic bases which contain 
some compound radical in pl^e of the hydrogen, thus— 

is the prototype of trietliylamine, 
i*H., „ „ triethylphosphine, 

AsHj „ „ triethylarsine, A 8 (C 5 ,HJj. 

176 Terchloiide of arsenic ,—Only oue compound of chloriiie with arsenic (AsCls) 
has yet been obtained; the chloride corresponding to pentachloride of phosphorus 
remains to bo discovered.* Tlie ter- 
chloride may he formed by the direct 
uniou of its elements, but the simplest 
laboratory process for iirocuring it con¬ 
sists in heating arseuious acid in dry 
chlorine gas, in a tubulated retort 
fig. 233). extem^torised from a 
Florence flask (see p. 103). The arae- 
nious acid soon melts, and the ter- 
chloride of arsenic distils over, leaving 
a melted mass in the flask, which 
forms a brilliantly traus^Mirent glass on 
cooling, tile coinitosition of which 
varies somewhat with the temperature 
employed, hut apnears to be essentially 
2AsjOj, ASjOj. Tlie same vitreous com¬ 
pound iniiy be obtained by fusing 
arseuious and arsenic acids together, 
llie formation of the terchloride of arsenic may be iviucjscutcd by the equation, 
llAsjOj -1- Cl,j -.r- 4AsC;i, + 8(2A8j,08.As,t>j). 

Terchloride of areenic Iwnrs a great general resemblance to teivhloride of phus- 
phorns; it is a heavy (sp. gr. 2'2), jurngent, fuming liquid, decom^tosed by the 
moisture of the air, its vapoui's depositing a white coating of arseuious acid upon the 
objects in its immediate neighbourhood. 'When pourtid into water it deposits 
nrsenious acid ; 2ASCI3 3H,0 = Aa^Oj -f- 6HC1; but when dissolved in the smallest 
{tossible quantity of water, it deposits crystals of the formula AsOC’I.lljjO. 

When arseuious acid is dissolved in hydiuehlorie acid, terchloride of arsenic is 
formed, AsjOj + 6I1CI = 2A8C'U -f 311aO, and remains nndecomposed by the water 
in the presence of strong hydrocldoric acid, but if water be added, arsenxous aeid is 
precipitated. When the solution of arseuious acid in hydrochloric acid is distilled, 
the terchloride of arsenic distils over, and this is sometimes a eonvonient method of 
separating urseuic from articles of food, &c., in testing for that poison. 'WTien heated 
in dry hydrochloric acid gas, arseuious acid yields a glassy comjTOund, which contains 
ASjOj.AsClO ; 3ASjl>3 + 2HC1 — 2(As.^08.AsC10) -F H,0. 

In composition by volume, the teivhloride of arsenic resembles terchloride of 
phosphorus, containing i vol. of arsenic vapour, and 3 vols. of chlorine condensed 
into 2 vols., the specific gravity of its vapour being 6-8. 

Terbrontulc of arsenic much rosetuhles the terchloride in its chemical characters, 
hilt is a solid crystalline substance, easily fusible. 

176. Tenodide of arsenic (Asl.,) is remarkable for not being decomposed by water, 
like the corresponding phosphoiils compound. When obtained by heating arsenic 
luul iodine together, it sublimes in hrick-red flakes, which, if prepared on a laige scale, 
hang in long larain® like sea-weed. It may he dissolved in boiling water, and 
crystallises out unchanged. It may even he prepared by heating 8 pwts of arsenic 

* NicklSs appears to have succeeded in forming the Mntachloride by the action of hydro¬ 
chloric acid gas on arsenic acid in presence of ether; he describes it as very unstable, and 
easily converted into the terchloride. 
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with 10 of iodine and 100 of water, when the solution deposits i-ed crystals of the 
hydrated teriodide, from which the water may be expelled by a gentle heat. 

The terjluoride of arsenic (AsP,) resembles the terchloride, but is much more 
volatile. It may be obtained distilling 4 parts of orsenious acid with 6 of fluor¬ 
spar and 10 of strong sulphuric acid in a leaden retort (see p. 181). It does not 
attack glass unless water be present, which decomposes it into arseuious and hydro¬ 
fluoric acids. 

177. Sulphides op arsenic. —^There are three well-known sulphides of 
arsenic, having the composition As^Sj, AsgSg, and As^Sj, the two former 
being found in nature. 

Mealgar (As^Sj) is a beautiful mineral, crystallised in orange-red prisms; 
but the red orpinient used in the arts is generally prepared by heating a 
mixture of arsenious acid and sulphur, when sulphurous acid escapes, and 
an orange-coloured mass of realgar is left— 

SAsgOj -f Sy = 2AsjSj, -I- 3SO,. 

Another process for preparing it consists in distilling arsenical pyrites 
with sulphur or with iron pyrites— 

FeSg-FeAsg 2FeS2 = 4FeS -j- 

Arsenical pyrites. Iron pyrites. ^ Ilooljtar. 

The realgar distils over, and condenses to a red transparent solid. 
Realgar burns in air with a blue iiame, yielding arsenious acid and sul¬ 
phurous acid. If it be thrown into melted saltpetre, it burns with a 
brilliant white flame, being converted into arseuiato and sulphate of 
potash. This brilliant flame renders realgar an important ingredient in 
Indian fire and similar compositions for Are-works and signal lights. A 
mixture of one part of red orpiraent with 3 *5 jiarts of sublimed sulphur 
and 14 parts of nitre is used for signal-light comix>sition. 

Bealgar is not easily attacked by ai-ids ; nitric acid, bowever, dissolves it, with the 
aid of heat, forming arsenic acid and snlphuric acid, with separation of part of the 
sulphur in the free state. Alkalies (jiotash, for example) partly dissolve it, leaving 
a brown substance, which appears to be a subsulphide of arsenic (AsjjS). 

Yellow orfdnmity or termlphide of armiic (As^Sj,), is founti native in 
yellow prismatic crystals. The paint known as King's gellow is a mix¬ 
ture of tersulphide of arsenic and arsenious acid, prepared by subliming 
a mixture of sulphur with arsenious acid— 

Sj -b 2 As^03 ~ 2A8jjSj, + 3SOj. 

It is, of course, very poisonous. 

This substance, like realgar, is not much affected by acids, excepting nitric acid ; 
but it dissolves entirely in itotash, forming arsenite of potash and sulj^iamniU of 
(sulphide of) potassium; 12X110 + 2 A.S 2 SJ, 3Kj,S.ABjS, + SKjO.As^O, + t5H„0. 
Ammonia also dissolves it easily, forming a colourioss solution wliich is employed 
for dyeing yellow, since if a piece of stun be dipped into it and exposed to air, the 
ammonia will volatilise, leaving the yellow orpimeut behiud. 

The formation of the characteristic yellow tersulphide is turned to account in test¬ 
ing for arsenic; if a solution prepared hy boiling ^rseiiions acid with distilled water 
bo mixed with a solution of hydrosulphnric acid, a bright yellow li(][uid is produced, 
which looks opaque hy reflecteA, hut transparent hy transmitted light, and may be 
passed through a filter without leaving any solid matter behind. This solution yiro- 
huhly contains a soluble compound of tersulphide of arsenic with hydrosulphnric acid 
(SHjS.AsgS,); it is, however, very unstable, being decomposed by evuiwration, with 
Xiredpitatiun of the tersulphide. The addition of a little hydrochloric acid, or of 
sli.ammoniac, and many other neutral soltB, will also cau.se a separation of the ter- 
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suli&ide from this Bolation; even the addition of a hard water will hare that effect. 
If the solution of arsenious acid be acidified with hjdrochloric acid before adding 
the hydrosolphuric acid, the bright yellow tersulphlde of arsenic is precipitated 
at once, and may be distingnish^ &om any other similar precipitate by its ready 
solubility in solution of carbonate of ammonia. 

From its combining readily with the alkaline sulphides to form soluble com¬ 
pounds, the tersnlphide of arsenic is often called auljt^rmtious add, 

Penlasidphide of arsenic (AsjS^), or sulpharsenic acid, possesses far less practical 
importance than the preceding salphides; it may be oWined by fusing the tersul- 
phide with sulphur, when it forms an orange-coloured glass, easily fusible, jand 
capable of being sublimed without change. When hydrosiuphnric acid gas is passed 
through solution of arsenic acid, a white proci])itate of sulphur is first obtained, the 
hydrogen reducing the arsenic acid to arsenious acid; AsjOj -i- 2Hj8 = As^O, + 
2 H 2 O + Sg; and if the passage of the gas be continued, the arsenious acid is decom- 

K sed, and tei-mlphide of arsenic is precipitated ; these changes are much accelerated 
. heat. But if a solution of arseninte of soda be saturated withhydrosulphuric acid, 
it" is converted into sulpharseuiate of (sulphide oi) sodium — 

2NagO,HgO.AsOj + 7HgS = 8HgO 4- 2NagS.AsjS,. 

On adding hj'drochloric acid to this solution, a bright yellow precipitate of penta- 
sulphide of arsenic is.obtained— 

2XagS.A8jSg + 4HC1 = 4NaCl 4- 2HgS 4- ASgS,. 

Pentosnlphido of arsenic is one of the most powerful of the sulphur acids ; it 
expels hydnisul]ihurie acid from its combinations with the alkaline sulphides, and 
is capable of forming, with these, sulpho-salts, containing respectively one, two, and 
three molecules of the alkaline sulpliide, which may be obtained by the action of 
hydrosulphurie acid upon the corresponding arseniates. 


GENERx\L REVIEW OF THE XOX-METALLIC ELEMENTS. 

178. At the conclusion of tlie liistniy of the non-metals, it may he 
well to call attention to the points of i-esomhlance which olas.sify tliem 
into separate groups or families, most of which are connected, by some 
analogies, with one or more members of the class of metals. 

llfffiroijvu stands alone among the non-metals, its chemical properties 
and. functions being wiiicly diflerent from those of any other non-metal, 
hut connecting it very clo.stily with the most highly electropositive (or 
metals, such as potassium and sodium. 

Ojclfgm, Sulphur, Sdrniuut, and TvUurlum conipose a group, the mem¬ 
bers of which (in the state of vapour) combine with twice their volume 
of hydrogen to form compouiuls which (in the state of vapour) occupy 
the same volume as the hydrogen occu])icd before combination. All these 
hydrogen compounds are capable of playing a feebly acid part, and their 
hydrogen may bo displaced by an equivalent weight of a metal to produce 
compounds exliihitiug a general agreement in chemical properties. This 
group is connected with the luetids through tellurium, not only by its 
physical properties, hut by its forming an oxide (TeO^), which occasion¬ 
ally acts os a weak base. 

Nitrogen, Phosphunut, and Artienic aits connected together by the gene¬ 
ral analogy of their liydrogei^and oxygen compounds, the two last mem¬ 
bers of the group lieiiig far more closely connected with each other than 
with nitrogen. With the metals, they are connected through arsenic, the 
hydrogen compound of which is very similar in properties, and prolmbly 
in composition, to antimonietted hydrogen; arsenious acid (As^O,) is also 
capable of occupying the place of teroxide of antimony (Sb^Oj) in certain 
salts of tiliat oxide; and the sulphides of antimony correspond in compodi' 
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tioQ, and in some of their properties, to those of arsenic. One form of 
arseniouB acid (the prismatic) is isomorphous with native oxide of anti¬ 
mony, and this oxide may he obtained in octahedra, the ordinary form of 
arseniouB acid, so that these oxides are imdiiinorphom. 

These elements are also connected with the oxygen group throngh 
sulphur, selenium, and tellnrium, the relations of which to hydrogen and 
the metals are somewhat similar to those of phosphorus and arsenic. 

CarhoUf Boron, and Silicon resemble each other in their allotropic 
forms, their resistance to fusion and volatilisation, and their forming 
feeble acids with oxygen. To the metals they are allied through silfcon, 
which resembles tin in the composition and character of its oxide and 
chloride. 

This group is connected with the nitrogen group through boron, for 
boracic acid resemblea arsenious acid in its relations to bases, and in 
forming vitreous compounds with the alkalies. In certain compounds 
boracic and arsenious acids are interchangeable. 

Chlorine, Bromine, Iodine, and Fluorine are intimately connected by 
numerous analogies, which have been already pointed out (p. 186). Some 
of the properties of iodine, as its relations to oxygen, anti the solubility 
t)f its terchloride in water, connect it slightly with the metals, whilst the 
general correspondence in composition between the chlorides and the 
oxides, allies this group to the oxygen group of non-metallic elements. 

If the non-metals be classified according to their t^uantivalence (see p. 
158), it will be found that, with only few exceptions, the classification 
will coincide with that founded upon their chemical analogies in other 
respects. Thus, the members of the oxygen group are all diatomic, or 
capable of combining with two atoms of hydrogen, as shown by the 
formul® of their hydrogen compounds, H/), H„S, lIgSe, H/l'e. The 
nitrogen group is generally represented as triatomic, (though, fnmi our 
present knowledge of the vapour densities of phosphorus and arsenic, 
these elements are strictly hexatomic,) their hydrogen compounds being 
NHj, PHj, and AsHg. Boron is also a triatomic element, for, in BCl^, 
the boron occupies the place of tlireo atoms of hydrogen. 

Carbon and silicon, however, arc tctratoraic elements, as shown in 
marsh-gas, CH^ and in chloride of silicon, SiCl^. 

Chlorine, bromine, iodine, and fluorine are monatomic, their hydrogen 
compounds having the formulae, IICl, HBr, HI, and HF. 

The atomicity or quantivalence of an element is sometimes expressed 
in a formula by a dash, or dashes, placed above and to the right of the 
element; thus the symbols, Cl', O", W", indicate the respective 
atomicities of those elements. When the atomicity of an element is 
taken into account, it helps to explain the constitution of compounds 
which would otherwise appear quite anomalous. For example, there is a 
compound of the molecular formula, NgH^P, obtained by the action of 
terchloride of phosphorus upon ammonia; recollecting the triatomic 
character of phosphorus, we perceive this compound to represent three 
molecules of ammonia (N^Hj), in which phosphorus is the substitute for 
three atoms of hydrogen, which is at once expressed if the formula be 
written, NjHgF". Again, chlorocarbonic acid, COCl,(, appears an inex¬ 
plicable association of elements, until the tetratomic character of carbon 
and diatomic charecter of oxygen are taken into account, a.s in the for- 
nWa C""O^Cl g when it, appears that the diatomic oxygen and the two 
utoma of moi!d[i^)t|ic chlorine are the substitutes for four atoms of hydrogen 
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311 marsh gas, CH^, and it might plausibly be given as a reason why the 
apparently indifferent carbonic oxide should combine with chlorine, that 
the atomicity of the carbon is only partly satisfied in carbonic oxide, 
wliich contains only oxygen equal in value to two atoms of hydrogen, 
the tetratomic carbon requiring the value of two more atoms of hydrogen 
to complete the compound atom. In carbonic acid, C""0"g, the two 
atoms of diatomic oxygen fully complete the compound. 

In a similar manner the absorption of carbonic oxide by subchloride of 
copw may be explained; for the atomic formula of that salt is Cu'Cl', 
and nence it is capable of supplying the two absent atoms in C""0\ 

Many more exatnples of the same kind might be gathered from the 
preceding pages, but these will probably be sufficient to mark the import¬ 
ance of remembering the atomicities of the elements in speculative che- 
rnistry; indeed, witliout this clue it is impossible to find any meaning 
whatever in a very large number of the formula; of organic substances, 
whilst with it, not only their constitution, but in many cases their mode 
of formation, becomes as intelligible as that of the simiJest mineral com¬ 
pounds. 


CONiSTJTUTION OF SALTS. 

179. The term mlf, like ucid ami alkali, was, of course, purely em-j 
pirical in its origin, being conferred upon every solid substance wliich;, 
exhiljited any of the prominent characters of soa-salt (sal, hrine, trdXoi, the 
mt), such as solubility in water and tendency to crystallisation. 

When the great mass of chemical facts accumulated by the alchemists, 
metallurgists, and apothecaries, came to bo classified, and the distinction 
between acids and bases was recognised, the term salt was extended to all 
tho.so substances, such as wuriai*' of sndti, nitrate of potash, carbonate of 
lime, Ac., fi*om which a base and an acid could be obtained, w’ithout re¬ 
gard to their solubility or tendency to ciystallise. When the analytical 
powcivs of the chemist were more fully developed, it was found that 
muriate of soda and a large chiss of similar salts did nut contain an acid 
and a base, but that these sub.'stanccs were jtmlucctl and Jiot edmed from 
the salts by the chemical ojierations to which they were subjected. Thus 
muriate of so<la, from which muriatic acid had been so easily ^^roduced by 
the action of sulphuric acid, was shown to contain only sodium and 
chlorine. 

I'hls led to a chissification of salts into haloid salts (oXs, the eea), or 
those composed, like chloride of sodium, of a metal combined with a salt- 
radical or halogen, and oxij-acid .salts, or those composed of a metallic 
oxide combined with an oxygen acid. (It wdll have been remarked that 
the tendency of modem chemistry is to represent this second class of 
salts by formulie which do not admit the existence of the metal as an 
oxide in the salt.) 

Independently of all differences of opinion with respect to the actual 
constitution of salts, the criterion by which the claims of a substance to 
this title can be estimated is this : a mlf is a compound which may be | 
formed by the actum of an acid upon a base, water, w'hich is a very general | 
result of such action, boifig gympted. 

The oxy-acid salts soon came to be divided into neutral and acid salts, 
according to their effect upon vegetable colours and the organ of taste, 
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and a dases of ham salts was afterwards added, when it was found that a 
neutral soluble salt sometimes became insoluble by combining with an 
additional quantity of base. 

Further investigation has shown that the neutral taste of a salt, and its 
neutrality to test-papers, depend less upon the proportions of the acid and 
base which are contained in it, than upon the chemical energy of these 
substances. 

Thxis,potash combined with one molecule of sulphuric acid forms a salt 
which is perfectly neutral to taste and to litmus-papers, whilst with one 
molecule of carbonic acid it forms a strongly alkaline salt j and one fnole- 
cule of sulphuric acid combined with one molecule of oxide of zinc forms 
a salt which is strongly acid to test-papers. 

A salt may, therefore, be neutral in chemical constitution, and acid or 
alkaline in reaction to test-papers, and it has been proposed to employ the 
term normal to designate those salts which are neut^ in chemical con¬ 
stitution, and to restrict the term neutral to those salts which are neither 
acid nor alkaline to test-papers. Thus, sulphate of potash would be both 
a neutral and a normal salt, whilst sulphate of zinc and carbonate of 
potash are normal, but not neutral salts. 

A normal salt is one in which the oxygen contained in the base bears 
a certain proportion to the oxygen contained in the acid, this proportion 
being fixed for each acid. 

Thus, a normal carbonate is one in which the oxygen of the base bears 
to the oxygen of the acid the ratio of 1:2, as in normal carbonate of 
potash, KgO.CO,. 

A normal sulphate is one in which the oxygen of the base bears to the 
oxygen of the acid the ratio of 1 ; 3, as in normal sulphate of zinc 
ZnO.SO^. 

To form a normal salt with a sesquioxide, 3 molticules of sulphuric acid 
are required. Thus the suljjhate of alumina, ALO^-SSOj, although power¬ 
fully acid to test-papers, is a normal sulphate, for the oxygen of the base 
bears to the oxygen of the acid the ratio of 1 : 3. 

An acid salt is one iu which the oxygen in the acid is in greater proportion 
than in the normal ratio. Thus bicarbonatToT potash, Kj0.H2().2COj,, 
is acid in chemical constitution, though alkaline to test-iwqHjrs, for the 
oxygen of the base is to the oxygon of the acid as 1 ; 4, whilst the normal 
ratio for carbonates is 1 : 2. Acid salts usually have the deficiency of 
base supplied by water, but not invariably, as in fused borax, ]S’ap. 21 i 03 , 
bichromate of potash K^O.^CrO,, dried bisulphate of soda, Na„O.2S0g. 

A basic salt is one in which the oxygon in the base is in greater ])ropoT- 
tion than in the normal ratio. Thus, white lead, 2 (PbO.C 04 ), rb0.11/>, 
is a basic carbonate, for the oxygen of the base is to the oxygen of the 
acid as 3 : 4, whereas the normal ratio is 2 : 4 or 1 ; 2. 

Aluminite, Alj 0 j.S 03 . 9 H,j 0 , is a basic salt, for the oxygen in the base 
is to the oxygen in the acid as 3 : 3, whilst the normal ratio is 1 : 3. 

In order to explain the results obtained by the actual analysis of 
salts, it may be supposed that the salts ar^ formed upon the type of the 
hydrated acid, and that a normal salt is one in which the water in the 
hydrated acid is displaced by an equivalent quantity of base; thus the 
sulphates are formed upon the type of oil of vitriol, H^O-SO^, and the Hp 
J^t be dmplaced by K,0 to form the normal'sulphate of potash; but 
v^n alumina (Al,Og) is employed .to displace the water, one-third of the 
quantity rfq«!esei|ted by that formula would be equivalent to the HjO (for 
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Al, is equivalent to HJ, and therefote the normal sulphate of alumiT>p. 
•would be I (A 1 , 08 ).S 03 , or avoiding the fraction, A1,08.3S0 j. 

The following are the normal ratios for some of the most important 
classes of sails :— 


Salts. Normal Batlo. 


Examples. 


Carbonates, . 
Borates, 

Silicates, 
Nitrates, 
Chlorates, . 
Sulphites, . 
Sulphates, . 
Metaphospluites, 
Pyrophosphates, 
Orthophosphates, 
Arsemtes, . 
Arseniutes, . 
Chromates, . 
Permanganates, 



NajO.CO, . Carbonate of soda. 
SMgO.BgOg Borate of magnesia. 
2FeO.SiOg Forge cinder. 

KgO.NjOg Saltpetre. 

KgO.CljO^ Chlorate of potash. 
NajO.SOg Sulphite of soda. 
CaO.SOj Sulphate of lime. 
Na,gO.PaOg Metaphosphate of soda. 
2 NaoO.Pgf)5 Pyrophosphate of soda. 
SCaU.PgOg Bone phosphate of lime. 
SAg.O.AsgOj Arsenite of bilvci*. 
SCoO.AsgOg Cobalt bloom. 

KgO.CrOa Chromate of jiotash. 
KgO.MugO; Permanganate of potash. 


Binary theory of the constitution of salts .—The circumstance that it is 
only the hydrogen of the hydrated acid that is displaced by the metal, 
has given rise to tlie binary th;nry of salts, according to which all acids 
and salts are constituted after the type of hydrochloric acid and chloride 


of sodium; the acid being composed of hydrogen combined with a com- 
IKtund salt-radical made up of the other elements present in the acid. 
Thus, sulphuric acid (ILO.SO.) would become IL,SOg nitric acid, 
; metajihosphoric acid, ])yroj>hosphoric, H^,PjOy; tri- 

basic iihosphoric, Hg,POj, and their normal salts are formed by the sub¬ 
stitution of an equivalent quantity of a metal for the hydrogen; neu¬ 
tral sulphate of potassium would be K.j, SO^; pyrophosphate of sodium, 
Na^jPgO; j tripliosphate of calcium, Ca^lPOg).^. The acid salts would be 
those in which only part of the hydrogen is displaced by a metal j bisul- 
phato of potassium would become KjHjSOg, acid pyrophosphate of 
sodium, Na 2 ,lI.j,PjO.. 1 )oublo salts w'ould be those in which the hydrogen 
is displaced by difleient metals; thus, alum (KjO.SOgjAliOg.SSOj would 
become K 2 ,Al 2 , 4 S() 4 , or KAISSO^; acid phosphate of potassium and 
sodium (K, 0 ,Na, 0 ,H 30 ,P, 0 J would be K,Xa,H,PO,. A serious objec¬ 
tion to this view is,' that it overlooks radicals now existing (as SO,, 
l^Og, COg), and substitutes others which are not known to exist (as SO^, 
PO„ CO 3 ). 

Many chemists now represent the acids and salts by these formulse, 
without insisting upon their containing any definite compound radical, 
or being composed upon any particular type. Thus nitric acid is written 
HNOj, without expressing an opinion as to the existence of NO, as an 
actual entity. . , 

The following definitions are relied upon by those who adopt this 


course;— 

An ac/d is a compound containing hydrogen, the whole or part of 
which is displaceable by a metal. 

A salt is St compound derived from an acid by the diq)lacemeiit of its 
hydrogen by a metal. 
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A momhasie add contains "bnt one atom of displaceable hydrogen, and 
therefore can only form one series of salts. 

A dihadc add contains two atoms of displaceable hydrogen, and tliere- 
fore can form two series of salts (normal and acid salts). 

A tribadc add contains three atoms of displaceable hydrogen, and 
therefore can form three series of salts (normal salts, and two series of 
acid salts). 

A normal salt is one in which the whole of the displaceable hydrogen 
has been displaced by a metal. 

An add salt is one in which only part of the displaceable hydrogen 
has been displaced by a metal. 

A douhle salt is one in which the displaceable hydrogen has been dis 
placed by different metals. 

, A basic salt is a combination of a salt with a basic oxide. 

/ A few examples may be collected Eerelio illustr^e tfiese definitions 

Momhasie. Acids and Salts. 

Nitric Acid, . 

Nitrate of potassium, . 

Metaphosphoric acid, . 

Metaphosphate of sodium, 

Hypophosphorous acid, 

Hypophosphite of sodium, 


Dibasic Acids and Salts. 


Sulphuric acid, 

Normal sulpliato of potassium, 

• 

. H,SO, 

. 

. 1C..S()4 

Acid „ ,, 

. 

. KIISO, 

Phosphorous acid, 

. 


Normal phosphite of sodium, . 

• 

. Na,PHO, 

Acid phosphite of barium, 

Trihasic Acids and Salts. 

. liaH,(PII() 

Orthophosphoric acid, 

Normal orthophosphate of sodium. 

• 

. IW 

• 

. Na,PO, 

Monacid orthophosphate (or common 

phosphate), Na^HPO^ 

Diacid orthophosphate, 


. NalljPO, 

Microcd&mic salt, 


. Na(NHJHPO 

Arsenic acid, . 


. H,AaO, 

Normal arseniate of sodium, . 


. Na^AsCJ^ 

Monacid arseniate „ 


. Na,HAsO, 

Diacid arseniate „ 


. NaHjAsO, 


To this view of the constitution of acids and salts, it may be objected 
that it presupposes the existence of a hydrogen compound corresponding 
in composition to the normal salt. Thus t^ carbonates would be derived 
from an imaginary carbonic acid of the formula HjCO,; the arsenites 
from an imaginary atsenious acid, HjAsO,, &c. Indeed, out of the 
tw&ntg-om mineral acids which are of practical importance, there ore 
seym which must be thus treated in order to accommodate this theory, 
Viz.,,carbonic fCO^ nitrous (N.Og), sulphurous (SO,), arsenious (AsgO,), 
chromic (OrOj,^ hypochlorous (C1,0), and chlorous (Cl,Og). It must, 


. HNO, 

. KNO, 

. HPO, 

. NaP(), 

. HPH,0, 

. NaPHJ).. 
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however, be acknowledged that no theory of the constitution of acids 
and salts has yet been advanced which is thoroughly supported on all 
sides by experimental evidence. 

From what has been stated above, it will have been seen that -an 
examination of the acid itself is by no means necessary in order to ascer¬ 
tain what its hadeity is. If only one series of its salts can be discovered, 
it is a monobasic acid. If a normal and an acid salt (or a double salt) 
can bo obtained, the acid is dibasic. When, beside the normal salt, there 
are two series of acid salts, the acid is tribasic. 

Water-type theory of the comtltulum of salts .—^Another ingenious 
theory of the constitution of salts is that known as the water-type theory, 
according to which all oxygen acids are fashioned after the type of water, 
by the displacement of its hydrogen by a compound radical, such displace^ 
ment being total in the anhydrous acids, and partial in the hydrated acids. 
Then, a monobasic acid is formed upon the type of one molecule of water, 
by the displacement of one atom of hydrogen to form the (liydrated) acid, 
and of both atoms to form the (anhydrous acid or) anhydride. Thus nitric 

jvcid (HNOg) would be vrritten 10, and vifric anhydride (N^Og) 
would beconio | O; and nitrate of potassium (KNO^) vrould 

bo > 0; a glance at these formulse shows u'hy a monobasic acid 

like nitric acid does not form either acid salts nr double salts, because it 
contains only one atom of hydrogen, and therefore can only form a single 
salt with each metal by displacement of tliat hydrogen. This view does 
not ignore the existence of the anhydrous nitric acid, and assiimes, as the 
radical of the acid, the substance K0„, which has the composition of nitric 
peroxide. The formation of nitric acid by the action of water upon nitric 
anhydride would bo thus expressed— 


n / 


0 


NO, 

N0« 


NO, 

H 


} 


0 . 


In a similar manner, phosphoric anhydride (P^O,) would bo representeti 
by j- O, metaphosphoric acid (HPO,) by pQ^ | C), and the meta- 

phosphate of sodium by p^^^ 10. In this case, however, the radical PO, 
is, so far as we know, imaginary. 

A dibasic acid is one which is composed after the typo of a double 
molecule of water, | Ojj, and therefore contains two atoms of hydro¬ 
gen which may be displaced (jither entirely by a metal, yielding a normal 
salt, or partly by a metal, yielding an acid salt, or by two metaj^, yielding 
a double salt. For example, sulphuric achl (HjjO.SO,) would be 

^ 1or two molecules of water, in Avhich two atoms of hydrogen 

are displaced by the diatomic radical SO,; normal sulphate of potassium 

If ) K.H ) 

^ > 0,, acid sulphate of potassium (bisulphate of potash) gQ » > 0, 

* ^ . . SO ") * 

and sulphuric anhydride, I 
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coirsTmmoN of polybasio acids. 


Here again the radiccd SO, has the same composition as sulphuroua 
acid, 'which might well he accepted as the radical of sidphimc acid. 

pQ// \ 

Ageim, carbonic anhydride would be > O,, the imaginary <»rhonic 
acid, j- 0 „ carbonate of potassium, 10 „ acid carbonate of potas¬ 

sium, 10„ carbonate of potassium and sodiiun, j- O,. 

The radical of carbonic acid, therefore (CO), would have the same com¬ 
position as carbonic oxide, which is seen to have a diatomic character in 
its compound with chlorine, (CO)"Clj, where it occupies the place of two 
atoms of hydrogen. 

In applying this view to pyrophosphoric acid (2H,0.P,0, = H^P,0,), 
some dfficulty arises l>ecauBe its formula cannot be "wrilten on the type 
of two molecules of water (H^O,) on account of the indivisibility of the 
O, into two whole numbers; it is therefore necessary to take four mole¬ 
cules of water as the type, when we have— 

Type, IO 4 , p3rropho3phoric acid, ^*0 yw j pyrophosphate of 

sodium, 1 Oi, ecid pyrophosphate of sodium, ^**^^*w, | 

Here the increased complexity of the formuhe appears objectionabla 

A.few salts are known in which two acids are combined with the same base, such 
as the acetouitrate of baryta, composed of nitrate and acetate of baryta. It is obvious 
that the same reasoning which loads to the conclusion that an acid capable of form¬ 
ing a double salt with two different bases is dibasic, or contains a diatomic acid 
radical, would also support the inference that a base capable of fomung a double salt 
with two different acids is di-acid, or contains a diatomic basic radical. Hence the 
existence of the above acetouitrate of baryta countenances the belief that barium is 
a diatomic metaL The foimula of tlic salt would then be wTitteu, on the type of two 

Ba" 1 

molecules of water, thus—(CoH.O)' > O,. 

(NO ,)') 

A tribasic acid is formed upon the typo of a treble molecule of water, 
thus— 


Type, IO 3 , tribasic phosphoric acid, | O 3 , triphosphate of 

sodium, pQ//, I Oa, eonunon phosphate of sodium, | Oa, microcos- 

mic salt (phosphate of sodium and ammonium), ^ | O 3 . 

But in this case also an unknown radical, PO, is assumed. 


• H 1 . * 

If pyrophosphoric acid be represented by )' j inter- 


Hi 

mediate position between metaphosphoric acid O, and orthophos- 

. PL •» ‘ ^ 

phoric acid >■ O 3 is at once apparent. 



CHEMISTRY OF THE METALS. 


180. The jfeneral princijjlefl of chemistry bavin*' been explained and 
illustrated in the history of the noii-metallic elements, the chemistiy of 
the metals will be discussed with less attention to details, which, 
however interesting in a strictly chemical sense, are not, at present, 
of immediate practical importance. 

'I'he definition of a metal has l)een alreofly given at p. 27, as an 
element capable of foruiimj a bane by union with oxygen. 


POTASSIUM. 

K'=39 parts by weight. 

The indispensable alkali, potash, aj'pears to have been originally 
derived from the granitic rocks, where it exists in combination with 
silicic acid and alumina, in the well-known minerals, fehtugmr and mica. 
These rocks having, in course of time, disintegi^ated to form soils for 
the support of plants, the potash has been converted into a soluble 
state, and has passed into the plants as a necessary portion of their 
food. 

In the plant, the potash is found to have entered into various forms 
of combination; thus, most plants contain sulphate of potash and 
chloride of potassium; but the greater portion of the potash exists in 
combination with certain vegetable acids formed in the plant, and { 
when the latter is burnt, the salts of potash with the vegetable acids ■ 
are decomposed by the heat, leaving the potash in combination with- 
carbonic acid, forming carbonate of j)ptiaab. (^O.COjj). 

Carlnmate of potash .—When the ashes of plants are treated with 
water, the salts of potash am dissolved, those of lime and magnesia 
being left. On separating the aqueous solution and evaporating it to a 
certain point, a great deal of the sulphate of potash, being much less 
soluble, is deposited, and the carbonate of potash remains in the solu¬ 
tion; this is evaporated to dryness, when the carbonate of potosh is 
left, mixed with much chloride, of potassium, ami some sulphato of 
p otash; this mixture constitutes the substances imported from iimerica 
anlTofEer countries where wood is abundant, under the name of potosAes, 
which are much in demand for the manufacture of soap and glfws. When 
farther purified, these are sold under the name dfpcarf^A’,but tbusis still 
far from being pure carbonate of potash. 

During the fermentation of the grape-juice, in the preparation of<.wine, 
a hard crystalline substance is deposited, which is known in commerce 
by the name of atgol, or when purified, as cveam of tartar. The chemicid 
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name of salt is bitortrate of potash, for it is derived from potash and 
tartaric acid, a vegetable acid having the composition 
When this salt ^, 0 . 11 , 0 . 20411405 ) is heated, the tatliaric acid is decom¬ 
posed into a variety of products, among which axe found carbonic acid, 
which xeroains in combination with the potash, and carbon, which is left 
nuxed with the carbonate of potash; but if the heat be continued, and 
free access of air permitted, the carbon will be entirely burnt av^ay, and 
carbonate of potash will be left {salt of tartar). 

In wine-producing countries, carbonate of potash is prepared from the 
refuse yeast which rises during the fermentation, and is dried in the sun 
in order to be subsequently incinerated. 

< The flexes of sheep contain a considerable proportion of potash com¬ 
bined with an animal acid; when the fleece is washed with water, the 
salt of potash is dissolved out, and on evaporating the liquid and burning 
the residue, it is converted into carbonate of potash. 

Hydrate of potash (K,0.H,0, or KHO).—Carbonate of potash was 
formerly called potash, and was supposed to be an elementary substance. 
It was known that its alkaline qualities were rendered far more powerful 
by treating it with lime, which caused it to be termed mild alkali, in 
order to distinguish it from the caustic,* alkali obtained by means of lime, 
and possessed of very powerful corrosive properties. Lime, it was said, 
is derived from limestone by the action of lire, and therefore owes its 
peculiar properties to the acquisition of a certain amount of the matter 
of fire, which, in turn, it imparts to the mild alkali, and thus confers upon 
it a caustic or burning power. 

Black’s researches in the middle qf the eighteenth century, which are 
often referred to as models of inductive reasoning, exposed the fallacy of 
this explanation, and proved that instead of acquiring anything from the 
fire, the limestone actually lost carbonic acid, and instead of imparting 
anything to the mild alkali, the lime really gained as much carbonic acid 
as it had previously lost. 

* The caustio potash, so largely employed by the soap-maker, is obtained 
Iby adding slaked lime to a boiling diluted solution of the carbonate 
|of potash, when the water of the hydrate of lime is exchanged for 
athe carbonic acid, and the carbonate of lime is deposited at the bottom of 
Hhe vessel, whilst hydrate of potash remains in tlm clear solution— 

K 5 O.CO, + CaO.H,0 = CaO.CO, -b KjOJI^O. 

Carbonate of Hydrate of Carbonate of Hydrate of 
potash. lime. Sme. potash. 

If the solution of carbonate of potash be too strong, the lime will 
not remove the whole of the carbonic acid. 

When the solution is evaporated, the hydrate of potash remains as a 
clear oily liquid, which solidifies to a white mass as it cools, and forms 
the fused potash of commerce, v^hich is oftm cast into cylindrical sticks 
for more convenient nBe.t Tlie hydrate of potash is the most powerful 
alkaline substance in ordinary use, and is very frequently employed by 
the chemist on account of its energetic attraction for the Afferent acids. 
It is generally used in the state of solution, the strength of which is 
inferred from its specific gravity, this being higher in proportion to the 
amount of potash contained in we solution. 

ftl'rom Kou), to 

t *ni88e h«v« RometiiiiM a greenish colour, due to the presence of some n^ngan&te of 
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Fotammu —Of the composition of hydrate of potash nothing was known 
till the year 1807, when Davy succeeded in decomposing it by the 
vanic battery; this experiment, '<^hich deseiv'es paiHiculirr notic^^^^ 
tfiS'1I]Rt UflTseries resulting in the discovery of so many important metals, 
was made in the following manner:—a fragment of hydrate of potash, 
which, in its dry state, does not conduct electricity, was allowed to become 
slightly moist by exposure to the air, and placed upon a plate of platinum 
attached to the positive (copper) end of a very powerful galvanic battery; 
when the wire connected with i^e negative (zinc) end was made to touch 
the surface of the hydrate of potash, some small metallic globules resem¬ 
bling mercury made their appearance at the extremity of this (negative) 
wire, at which the hydrogen confined in the hydrate of potash was also 
eliminated, whilst bubbles of oxygen were separated on the surface of the 
platinum plate connected with the positive wire (see p. 5). By allow¬ 
ing; Jth.e..ncgative wire to dip into a little raercuiy contained in a cavity 
upon the surface of the potash, a combination of potassium with mercury f 
was obtained, and the mercury was afterwards sep^ted by distillation/ 
This process, however, furnished the metal in very ^all quantities, and, 
though it was obtained with 


greater facility a year or two 
afterwards by decomposing 
hydrate of potash with 
white-hot iron, some years 
elapsed before any consider¬ 
able quantity of potassium 
was prepared by the present 
method of distilling in an 
iron retort an intimate 
mixture of carbonate of pot¬ 
ash and carbon, obtained 
by calcining cream of tar¬ 
tar ; in this process the 
oxygen of the potash is re¬ 
moved by the carbon in 
the form of carbonic oxide 
(K,O.CO, + Cj = K, -t- 
SCO). 





The annexed figure repre¬ 
sents the iron retort connected Pig, 234,—Preparation of potassium, 

with its copper receiver, sur¬ 
rounded with cold water, and containing petroleum to protect the distilled potassium 
from oxidation. The lateral tube of the receiver permits the tube of the retort to be 
cleared, if necessary, during the distillation, by the passage of an iron rod. 


Some of the most striking properties of this metal have alfbady been \ 
referred to (p. 10); its softness, causing it to be easily cut like wax, the \ 
rapidity with which its silvery surface tarnishes when exposed to the air, 
its great lightness (sp. gr. 0*865), causing it to float upon water, and its 
talmgfire when in contact with that liquid, sufficiently distinguish it 
fiom^er metals. It fuses easily wh en h e ated , and is convert^ at a 
higher temperature, into a ^en vapour ; if air he present, it hums with 
a vioiet-coloured fhime, and ISTSSnvmed into anhydrov^i^taah^ the oxide 
of TOtassium (K,0). 

The property of burning with this peculiar violet-coloured flame is 
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ohaxacteristic of potassium, and allows it to be recognised in its com¬ 
pounds. 

If a solution of nitrate of potash iaaltpetre) in water be mixed with enough iroirit 
of wine to allow of its being inflamed, the flame will have a peculiar lilac colour. 
This colour may also be developed by exposing a very minute |wrticle of Saltp^re, 
taken on the end of a heated putinum wire, to the rraucing (inner) blowpipe flame 
(fig. 235), when the potassium, being reduced to the met^c state, and passing 
into the oxidising (outer) flame in the state of vapour, imparts to that flame a lilac 
tinge. 



Fig. 2-%. itaiite 


The difficulty and expense attending the preparation of potassium have 
prevented its receiving any application except in purely chemical oiiera- 
tions, where its attraction for oxygen, chlorine, and other electronegative 
element, is often turned to account. 

The chloride of potassium (KCl) is an important natural source of this 
metal, being extracted from sea-watei*, from kelp (the ash of sea-weed), and 
from the refuse of the manufacture of sugar from beet-root. It also occurs 
in combination with chloride of magnesium, forming the mineral known 
as eamallite (KjCLMgClj.BHgO), an immense saline deimsit overlying 
the rock-salt in the salt-mines of Stassfurth in Saxony. Csmallite re¬ 
sembles rock-salt in appearance, but is very deliquescent; it promises to 
become the most important source of potassium hitherto discovered. 

Bicarbonate of potash (Ks0.H*0.2C0a, or KHCO^), which is much 
used in medicine, is obtained by passing carbonic acid through a strong 
solution of carbonate of potash, when it is deposited in crystals, being 
much less soluble in water than the normal carbonate. 

Nitrate of potash (K,O.NjOg, or KlfOg), or saltpetre, will be siHJcially 
cond^ered in the section on gunpowder. 


The following less important compounds of potassium have not been noticed else¬ 
where, and are not of suflieient practical iropoiiance to require particular description 
in this work:— 


Peroxide of potassiiipi, £,0^ 
Monosnlpliide „ 

Disulphide „ KjS, 


Sesquisulphide of potassium, K^Si 
Tetrasulphide ,, K,8, 

Pcntasnlphide „ KgS, 
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SODIUM. 

Na' = 23 parts by weight. 

181. Sodium is oilen found, in place of potassium, in Uie feldspars and 
other minerals, but we are far more abundantly supplied with it in the 
form of common mlt (chloride of sodium, KaCl), occurring not only in the 
solid state, but dissolved in sea-water, and in smaller quantify in the 
waters derived from most lakes, rivers, and springs. 

Roch^lt forms very considerable deposits in .many regions; in this 
country the most important is situated at Northwich in Cheshire, where veiy 
large quantities are extracted by mining. Wielitzka, in Poland, is cele¬ 
brated for an extensive salt mine, in which tlieie are a chapel and dwell¬ 
ing-rooms, the furniture of which is made of this rock^ Extensive beds 
of rock-salt also occur in France, Germany, Hungary, Spain, Abyssinia, 
and Mexico. Perfectly pure specimens form beautiful colourless cubes, 
and are styled sal fjem ; but ordinary rock-salt is only partially trans- 
l>arent, and exhibits a rusty colour, due to the presence of iron. In some 
places the salt is extracted by boring a hole into the rock and filling 
it with water, which is pumped up when saturated with salt, and evapo¬ 
rated in boilers, tlio minute crystals of salt being removed as they are 
deposited. 

At Droitwich, in Worcestei’shire, the salt is obtained by eva{K>ration from 
the waters of certain salt springs. In some parts of France and Gennany 
the water from the salt springs contains so little salt that it would not 
pay for the fuel necessary to evaporate the water, and a very ingenious 
plan is adopted, by w'hich the proportion of water is gi-eatly reduc^ with¬ 
out the application of artificial heat. For this purpose a lofty scaffolding is 
erected and filled with bundles of brushAvood, over wliich the salt water 
is allowed to floAV, having been raised to the top of the scaffolding by 
pumps. In trickling over the brushwood this Avater exposes a large sur¬ 
face to the action of the wind, and a considerable evaporation takes place, 
so that a much stronger brine is collected in the reservoir beneath the 
scaffolding; by severed repetitions of the operation, the proportion of water 
is so far diminisheii that the rest may be economically cvaj)omted by arti¬ 
ficial heat. The brine is run into boilers and rapidly boiled for about 
thirty hours, fresh brine being alloAA'ed to floAv in continually, so as to 
maintain the liquid at the same level in the boiler. During this ebullition 
a considerable deposit, composed of the sulphates of lime and soda, is 
formed, and raked out by the workmen. When a film of crystals of salt 
begins to form upon the surface, the fire is loAvered and the teraperathre of 
the brine alloAved to fall to about 180° F., at which temperature it is 
maintained for several days whilst the salt is crystallising. The crystals 
are afterwards drained and dried by exposure to air. The gram of the 
salt is regulated by the temperature at Avhich it crystallises, the size of the 
crystals increasing as the temperature falls. It is not possible to extract 
the whole of the salt in tliis way, since the last portions which crystallise 
Avill always be contaminated '^th other salts present in the brine, but the 
mothcr-liqwm is not Avasted, for after as much salt as possible has been 
obtained, it is made to yield sulphate of soda (Glauber’s salt), sulphate of 
magnesia (Epsom salts), bromine and iodine. 

The process adopted, for extracting the salt from tea-water depends 
upon the climate. In Bussia, sWlow pits are dug upon the ahoie, .iu 
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which iihe eea-water is allowed to freeze, when a great portion of the 
water separates in the form of pure ice, leaving a solution of salt suffi¬ 
ciently strong to pay for evaporation. 

Where the climate is sufficiently warm, the sea-water is allowed to run 
very slowly through a series of shallow pits upon the shore, where it be¬ 
comes concentrated by spontaneous evaporation, and is afterwards allowed 
to remain for some time in reservoirs in which the salt is deposited. The 
coarse crystals thus obtained are known in commerce as hay-mli. Before 
they are sent into tlie market they are allowed to drain for a long time, 
in a sheltered situation, when the chloride of magnesium with which they 
are contaminated deliquesces in the moisture of the air and drains off. 
The bitiern, or liquor remaining after the salt has been extracted, is em¬ 
ployed to furnish magnesia and bromine. 

Great improvemejits have been made during the last few years in the economical 
extraction of the salts from sea-water. It will he remembered that 1000 parts of 
sea-water contain about 

29'0 parts of chloride of sodium, 

0'5 „ chloride of imtossium, 

3‘0 ,, chloride of magne.siuui, 

2*5 ,, sul]diate of magnesia, 

1*5 ,, sulphate of lime, &e. 

I n a warn climate, that of Marseilles, for example, the water is allowed to evapo- 
mte spontaneously until it has a specitlc gravity of 1*24. During this evaporation 
it deposits about fuar-fiftbs of its chloride of sodium. It is then mixed with one- 
tenth of its volume of w-ater and artificially cooled to 0' F. (see p. 123), when it de¬ 
posits a quantity of sulpliatc of soda, resulting from the decomposition of part of the 
remaining chloride of sodium by the sulphate of magnesia. The motlier-liquor is 
evaporated down till its specific gravity is 1*33, a fresh quantity of chloride of 
sodium lieing deposited during the evaporation. AVlien the liquid cools it deposits 
a double salt composed of chloride of pota8.sium and chloride of magnesium, from 
which the latter may be exti-actcd by washing with a very little water, leaving the 
chloride of potassium fit for the market. 

This process is instructive as illustrating the influence exerted upon the arrange¬ 
ment of the various acids and bases in a saline solution by the temperature to which 
the solution is exposed, the general rule being that a salt is formed which la in¬ 
soluble in the liquid at that particular temperature. 

The great tendency observed in ordinary table salt to become damp 
■v’hen exposed to the air, is due chiefly to the jiresence of small quantities 
of chloride of magnesium and chloride of calcium, for pure chloride of 
sodium has very much less disposition to attract atmospheric moisture, 
although it is very easily dissolved by water, 2| parts of this liquid being 
able to dissolve one part (by weight) of salt. 

In the history of the useftil ajiplications of common salt, is to be found 
one of the best illustrations of the influence of cliemical research upon 
the development of tlie resources of a country, and a capital examjilc of a 
manufacturing process not based, as such processes usually are, upon mere 
experience, independent of any knowledge of chemical principles, but 
upon a direct and intentional application of these to the attainment of a 
particular object. , 

Until the last quarter of the eighteenth century, the uses of common 
salt were limited to culinary and agricultural purposes, and to the glazing 
of the coarser kinds of earthenware, ivhiist a substance far more useful in 
the arts, carbonate of soda, was imported chiefly from Spain under the 
^ name of bariWt, which was the ash obtained by burning a marine plant 
known as tjie saJsoJa soda. But this ash only contained about one-fourth 
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of its carbonate of soda, so that this latter substanee wv thus 

imported at a great expense, and the mantdaotures of soap and ^ass to 
which it is indispensable were proportionally fettered. 

During the wars of the French involution the price of barilla had risen 
so considerably, that it was deemed advisable by Ifapoleon to offer a 
premium for the discovery of a process by which the carbonate of soda 
could be mantifaetured at home, and to this circumstance we are indebted 
for the discovery, by Leblanc, of the p*oeess at present in use for the 
manufacture of carbonate of soda from common wt, a discovery which 
placed this substance at once among the most important raw materials 
with which a country could be furnished. 

182. Manufacture of carbonate ofeodafnm common aatt.—The salt is 
spread upon tlie hearth of a reverberatory fhmace (fig. 236),* and mixed 



Fig. 236---Furnace for conveitiug common salt into sulphate of scxia. 


with an equal weight of sulphuric acid, which converts it into the sul¬ 
phate of soda (p. 153), expelling the hydrochloric acid in the form of 
gas, which would prove highly injurious to the vegetation in the neigh-j 
bourhood, and is therefore usually condensed by being brought into con-l 
tact with water (see p. 154). The flame of the fire-is allowetl to play 
over the surface of the mixture of salt and sulplmric acid until it has 
become perfectly dry; in this state it is technically known as salt-cake, 
and is next mixed with about an equal weight of lipicstone and rather 
more than half its weight of sm all coal ; this mixture is again heated 
u^wn the hearth of a reverberatory furnace, when it evolves an abun¬ 
dance of carbonic oxide, and yields a mixture of carbonate of soda with 
lima and sulphide of calcium,* this mixture is technically known as 
black-ash. 

The change which lias been effected in the sulphate of soda will be 
easily understood; for when tlxis salt is heated in contact with carbon 
(from the small coal) it loses its oxygen, and becomes sulphide of sodium, 
whilst carbonic acid is evol^'ed j thus— 

Na,aSO, + C, = Na,S + 2C0,. 

• TUe hearth of this furnace is usually divided, as seen in the figure, into two compait- 
luenta, in one'of wWch (lined with lead), more remote from the grate, the decompositfonia 
effected, the acid being poured in through the fuunel, while in that nearest to the grate, 
lined with fin-brick, Ihe whole of the hydrochloric acid ia expeUed, and the anlphate of 
sodafii^. 
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Agaiii^when carbonate of lime is heated in contact with carbon, carbonic 
oxide 18 given off, and lime remains— 

' • CaO.CO, + C =! 2CO + CaO. 

Finally, when sulphide of sodium and lime are heated together in the 
presence of carbonic acid, carbonate of soda and sulphide of calcium are 
produced— 

Na,S + CaO + CO, = lfa,O.CO, + CaS. 

When the black ash is treated >nth water, the carbonate of soda is dis¬ 
solved, leaving the sulphide of calcium, and by evaporating the solution, 
ordinary wda ash is obtained. But this is by no means pure carbonate 
of soda, for it contains, in addition to a considerable quantity of common 
salt and sulphate of soda, a certain amount of caustic soda or hydrate of 
soda, formed by the action of the excess of lime upon the carbonate of soda. 
In order to purify it, the crude soda ash is mixed with small coal or saw¬ 
dust and again heated, when the carbonic acid formed from the carbona¬ 
ceous matter converts the hydrate of soda into carbonate, and on dissolving 
the mass in water and evaporating the solution, it deposits oblique 
rhombic prisms of common washing soda, having the composition, 
Na,O.CO.j.lOAq. {soda crystals). 

A little reflection will show the important influence which this process 
has exerted upon the progress of tlie useful arts in this country. The 
three raw materials, salt, coal, and limestone, we possess in abundance. 
The sulphuric acid, when the process was lirst introduced, bore a high 
price, but the resulting demand for this acid gave rise to so many im¬ 
provements in its manufacture that its price has been very greatly 
diminished,—a circumstance which has, of course, produced a most 
beneficial effect upon all branches of manufacture in which the acid is 
employed. 

The large quantity of hydrocldoric acid obtained as a secondary pro¬ 
duct has been employed for the preparation of bleaching powder, and 
the important arts of bleaching and calico-piinting have thence re¬ 
ceived a considerable impulse. These arts have also derived a more 
direct benefit from the increased sujqily of carbonate of soda, which 
is so largely used for cleansing all kinds of tt*xtile fabrics. The manufac¬ 
tures of soap and glass, which pi'obably create the greateat demand fur 
carbonate of soda, have been increiised and improved beyond all prece¬ 
dent by the production of this salt from native sources. 

Recovery of sulphur from alkali-ivasle. —Sinci' nearly the whole of the sul{>bitr 
which is employed, in the form of sulphuric acid, for decomposing the cuiumou salt, 
is obtained at the alkali-works in the form of sulphide of calcium in the ^nk- 
waate left after exhausting the blcck ash with water, several processes have been 
devised for recovering the sulphur in order to employ it ogam for the manufac¬ 
ture of oil of vitriol. The simplest of these consists in blowing air through tlie 
moist tank-waste, until it is converted into a mixture of bisulphide of calcium and 
hyposulphite of lime, the oxidation being stomwd when one-third of the bisulpliide 
of calcium has been converted into byposulphitc. 

(1.) 2Ca8 + 0 = CaO + CaS,. (2.) C*a3, -f O, = CaO.S.O,. 

When the yellow liquor thus obtained is decomposed by the muriatic acid from the 
alkali-works, the sulphur is precipitated; 

CaO.S,0, + 2CaS, + 6H01 = S, + 8CaCl, + 8H,0. 
objection to tliis process appears to be the difficulty in procuring a sufficient 
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q«uintity of mttrbtie acid, for widck there ie a great demand on the |mt of the 
producers of bleaching powder and bicarb<Hiate of soda. 

Another process for recoveriujg the sbda employs the waste liquor from the dilorine 
stills ^ee p. 144), which contains chloride of manganese (MnCl,) and perchloride of 
iron (Fe,Ci«). On treating the sulphide of calcium in the soda-waste with this still 
liquor, chloride of calcium and sulphides of iron and manganese are produced ; 

MnCl, + CaS MnS + CaCl,; Fe,Cl, + 8CaS = re,S, + SCaa,. 

By exposing these sulphides to the air, in a moist state, the sulphur is separated, 
and the metals are converted into oxides. 

2Mn8 + 0, = Mn,0, + S,; PeA + O, * Fd,0, 8,, 

By stirring these oxides with more soda-waste, the sulphides are reproduced; 
and are aftenvarda again oxidised by exposure to air, so as to separate their sulphur. 
The sulphur thus separated combines with the sulfide of calcium in a fresh por¬ 
tion of Hie waste, to form a bisulnhide, oiie-third of which is oxidised by the air, as 
in the process first described, ana converted into hyjiosulphito of lime. In older to 
precipitate the sulphur from the liquor coiitaiuiug the Disulphide of calcium aud 
uyttu8ul[ihite of lime, the excess of hydrochloric acid always present in the chlorine 
still liquor is turned to account; the sulphur liquor is run into this until the precipi¬ 
tated sulphur Iwgins to be accompanied iiy a black precipitate of sulphide of iron, 
allowing that all the free acid has been neutralised. The still liquor thus neutralised 
is then employed for decomjKising a fresh portion of the suda-waste as at the 
eoinmencement of the juwess. The precijiitated sulphur is pressed to free it from 
the liquor, dried, and melted by super-heated steam. 

Althoagh the chemistry of tills pi-ocess is rather elaborate, the practical working 
is said to be very simple and inexpensive. 

The crystals of carbonate of soda are easily distingui.shed by their pro¬ 
perty of efflorescing in dry air (p. 41), and by their alkaline taste, which 
is much milder than that of carbonate of initash, this being, moreover, a 
deliquescent salt. The crystals are very soluble in water, reijuiring only 
2 parts of cold and less than their own weight of boiling water; the 
solution is strongly alkaline to test impers. 

'I'he substance commonly u.'«ed in medicine under the name of carbonate 
of soila, is rcially the IncarlKyiKitr. {Xh/).C0j.H„0.C0j or JS'aHCOg), and 
is prepared by saturating the carbonate of soda with carbonic acid gas. 
It is readily distinguished from the carbonate, as it is but slightly alkaline, 
and is very much less easily dissolved by Avater. 

Soda lij(\ employed in the manufactui*e of hard soaj), is a solution of 
hifdndf' of noda (Xa„0.H„0 or XalU)), obtained by decomposing tlie 
carbonate of soda with hydrate of lime (slaked lime, CaO.H/)), when 
the water of this latter compound is exchanged for the carbonic acid 
of the carbonate. 

The solid hydrate of soda of commerce is generally obtaine<l in the 
j)rocess for manufacturing carbonate of soda, just described ; the solution 
obtained by treating the black ash Avitli Avater is concentrated by evapo¬ 
ration, so that the carbonate and sulphate of soda and chloride of sodium 
may crystallise out, leaving the hydrate of soda, Avhich is far more soluble, 
in the liijuid. The latter, Avhich still contains a compound of sulphide of 
sodium aud sulphide of iron, Avhich gives it a red colour, is mixed with 
some nitrate of soda to oxidise the sulphidelj and evaporated down until a 
fuised mass of hydrate of soda i»left, Avhich is poured out into iron moulds.* 

• Another plan of treating the liluck ash liquor consists in allowing it to trickle through 
a column of coke against a current of air, Avlieii the sulphide of sodium (Na^) is oxiiRm 
and converted into soiia (NbjO) and hyposulphite of soda (Na^.O,), wliilst the sulphide of 
iron is deposited. The liquor is niix^ with a little chloride of lime to oxidise any remain¬ 
ing sulphides, concentrated by evaporation, when carbonate of soda and ferrocyanide 
of sodium are depositeil in crystals. The liquor seiiarnted from these contains the hydrate 
of fToda, and is evaporated till it solidifies on coiiling. 
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Kxjrolit^ {dNaF.AlF,) is someidmes empl^ed as a source of the rodiunn 
for hydrate of Boda» 'which niay he obtained by decomposing it with 
hydrate of lime. 

183. Sodium .—Potash and soda exhibit so much similarity in their 
properties, that we cannot be surprised at their having been confounded 
together by the earlier chemists, and it was not till 1736 that Du Hamdi 
pointed out the difference between them. The discovery of potassium 
naturally led Davy to that of sodium, which can be obtained by processes 
exactly similar to those adopted for procuring potassium, to which it will 
be remembered sodium presents very great similarity in properties (p. 11). 
Sodium, however, is readily distinguished from potassium by its burning 
with a yellow ihune, which serves even to characterise it when in 
combinatSSfiT''^ 

This yellow flame is well seen by dissolving salt in water in a plate, and adding 
enough spirit of wine to render it inflammable, the mixture being well stirred while 
burning. If a little piece of sodium be bnmt in an iron spoon held in a flame, all 
the flames in the room, even at a remote distance, will be tinged yellow. The 
blowpipe flame may also be employed to detect sodium by this colour, as in the 
case of potassium (p. 260). In nreworks, nitrate of soda is employed for producing 
yellow flames. A very good yellmo fire may be made by intimately mixing, in a 
mortar, 74 grs. of nitmte of soda, 20 gi's. of sulphur, 6 grs. of sulphide of antimony, 
and 2 grs. of charcoal, all carefully dried, and very finely powdered. 

The preparation of sodium, by distilling a mixture of carbonate of soda 
and charcoal, is much easier than that of potassium, for which reason 
sodium is far less costly than that metal, and has received applications, on 
the largo scale, during the last few years, for the extraction of the metals 
aluminum and magnesium. An amalgam of sodium (p. 126) is also 
employed with advantage in extracting gold and silver from their ores. 
To obtain sodium in large quantity, a mixture of dried (jarbonato of soda, 
powdered coal, and chalk, is distilled in iron cylindei-s, when the oxygen 
of the soda is abstracted by the carbon, which it converts into carbonic 
oxide, and the sodium passes over in the form of vapour. 

Na.p.C03 + Ca = Naa + 3CO. 

The chalk is mpployed to prevent the fusion of the mixture. 

^ 184. B&mx^ hiboraie of wdu (Nas(). 2 Bjj 03 ).—A very important com¬ 
pound of soda is used in the arts under the name of borax, in which the 
soda is combined with boracic acid. It has already been stated that tliis 
substance is deposited during the evaporation of the waters of certain 
lakes in Thibet, whence it is imported into tliis country in impure crystals, 
which are covered with a peculiar greasy coating. The refiner of tincal 
powders the crystals and washes them, upon a 8trainor7 with a weak 
solution o f soda, which converts the greasy matter into a soap and dissolves 
it. The borax is then dissolved in water, a quantity of ca rbonate of so da 
is added to separate some lime which the borax usually'contaihsi and, 
after filtering off the carbonate of lime, the solution is evaporated to the 
crystallising point and allow|4 to cool, in order that it may deposit the 
^ pure crystals of borax. 

'TTappeara, however, that the greater paft of the borax employed in the 
arts is manufactured in this country by heating carbonate of soda with 
boracic acid, when the latter expels the carbonic acid and combines with 
the soda.* The mass is then duasolved in water, and the borax crystal- 

* The ammonia which is evolved from the Taacan boracic add employed in this prooees 
is known ia commerce as Vdcmic emmonia, and is free hrom the enipyreumatie odonr 
which aoeompaniee that from coal and hones. 
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lised, an operation upon wMch mnch care is bestowed, once tbe product 
does not meet witib a ready side unless in large crystals. 

The solution of borax, having been evaporated to the requMte degree of 
concentration, is allowed to crystallise in covered wooden boxes, which 
are lined with lead and enclosed in an outer case of wood, the space 
between the sides Of the case and the box being stuffed with some bad 
conductor of heat, so that the solution of borax'may cool very slowly, and 
large crystals may be deposited. In about thirty hours the crystallmtion 
is completed, when the liquid is drawn off as rapidly as possible, the last 
portion being carefully soaked up with sponges, so that no small crystals 
may be afterwards formed upon the surl^ of the large ones; the ease 
is then again covered up, so that the crystals may cool slowly without 
cracking. 

Borax is chemically known as Mf>orate of soda^ and is represented, in 
the dry state, by the formula NagO.SBjOj. The ordinary prismatic crys¬ 
tals, however, contain ten molecules of water of crystallisation, and are, 
therefore, represented by the formula NagO.SBjdg.lOAq. They soon 
effloresce and become opaque w'hen exiwsed to air, and may readily be 
distinguished by their alkaline taste and action upon test-papers, and 
especially by their behaviour when heated, for they fuse easily and intu- 
mesce most violently, swelling up to a wliite spongy mass of many times 
their original bulk; this mass afterwards fuses down to a clear liquid 
which forms a transparent glassy mass on cooling {vitrified borax)^ and 
since this glass is capable of dissolving many metallic oxides with great 
readiness (borax being, by constitution, an acid salt, and therefore ready 
to combine with more base), it is much used in the met allurtric ar ts. 
Large quantities of borax are also employfed in glazing_gtpneware. 

185. SiJicate of sfnla. —A combination of ^ soda with silicic acid has 
long been used, under the name of soluble (jhm, for imparting a iire-proof 
character to wood and other materials, and, more' recently, for'producing 
arflEcial stone flfl- building purposes, and for a peculiar kind of permanent 
fresco-painting {stereoehromy), the results of which are intended to with¬ 
stand exposure to the weather. 

Soluble glass is usually prepared by fusing 15 parts o^sandiaith 8 parts 
of carbonate of so<ia and 1 part of charcoal. ~TTre silicic acid, combining 
with the soda, efisengages the carbonic acid, the expulfion of which is 
faci litated by the prHs>^ »i‘.e of char coal, which converts it into carbonic 
oxide, ^rhe mass thus fonned is scarcely affected by cold water, but dis¬ 
solves when boiled with water, yiehling a strongly alkaline liquid. 

In using this substance for rendering wood fire-proof, a rather w eak 
j solution is hist ajqdied to the wood, and over this ^'t oatin g of lii h^waih 
J is laid, a second coating of soluble glass (in ‘ a more co hcen&alcd solu- 
tion) is then applied. The woo'cT so prepared is", bFcourse, charred, as 
usual, by the application of heat, but its inflammability is remarkably 
diminished. ' 

For the manufacture of Bgnsome's artificial stane, the soluble glass is 
prepared by beating flints, unde r pressur e, with a strong solution of hydrate 
of soda, to a temperature between 300* and 400° F., when the sihcic amd 
constitutiug the flint enters into, combination with the soda.'” Mnely 
divided sand is moistened with this solution, pressed into moulds, dried,,^ 
and exposed to a high temperature, when the silicate of soda fuses and 
cements the grains of sand together into a mass of artificial sandstone, to 
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wbis}!. fay required colour may be imparted by mixing meta llie o xidea 
with tbe send before it ie moulded. ^ ^ T 

Silicate of soda is also sometimes used as a dung substitute (p. 246} in 
oaUco-piinting. 

Sulphate soda forms the very common saline efflorescence upon the 
surface of brick u’alls, and has been found covering the sandy soil of the 
Desert of Atacama, over a considerable area. iSe mineral known as 
Thinardite also consists of sulphate of soda, and Olauherits is a double 
sulphate of soda and lime (NajO.SOs, CaO.SOj) which is nearly insoluble 
in water. 

Phosphate of soda (2Na^O.H,O.PjOj.24Aq.) is obtained by neutralising, 
with carbonate of soda, the impure phosphoric acid obtained by decom> 
posing bone-ash with sulphuric acid (p. 231). On evaporation, the phos¬ 
phate is deposited in oblique rhombic prisms which effloresce in air. 

Nitrate of soda (Na^O.NgOj or NaNOg) will be more particularly 
noticed in the section on gunpowder. It is imported from Peru, and used 
in considerable quantity as a manure, and for the manufacture of nitrate 
of potasln 


SALTS OF AMMONIA. 

186. The great chemical resemblance between some of the salts of am¬ 
monia and those of potash and soda has been already pointed out as aftbrd- 
ing a reason for the hypothesis of the existence of a compound metal, 
’ ammonium (NH^), equivalent in its functions to potassium and sodium. 
However convenient this assumption may be for the purpo.se of repre¬ 
senting by equations the chemh&l changes in which the salts of ammonia 
take part, it is evidently necessary to place these salts on a different 
footing from those of potash and soda, until either the metal itself or 
its oxide (NHJjO, which is at present equally hypothetical, shall bo 
obtained. This has become the more necessary since modern chemistry 
has brought to light certain organic bases which exliibit a stronger resem¬ 
blance to potash and soda than that evinced by ammonia, rendering it 
necessary t^Mjjilnd to these also the hyijothesis of the existence of com¬ 
pound niet^, and thus to encumber chemical pages with the names of a 
large class of substances of the existence of which there is no direct 
evidence. 

..I—» 

Much encouragement has been afforded to the belief in the existence of 
oxide of ammonium (Nlljp, by the circumstance that the corfifTotinds 
which are formed when ammonia (NH^) combines with the anhydrous acids, 
such atf'carbonic (COJ and sulphuric (SO^), do not exhibit the resem¬ 
blance to the salts of potash and soda until water is added, the elements 
of which ate required to convert (NH^)g into (NH^),p. Thus, by the 
action of dry ammonia gas upon anhydrous sulphuric acid, a compound 
called sulphuric ammonide is formed, having the composition (NH 3 ),.S 0 ,. 
This substance dissolves in water and crystallises in octahedra, but ite 
solution is not precipitated by chloride of ly^arium, which always precipi¬ 
tates the true sulphates, nor by chloride of platinum, which precipitates 
the true salts of ammonia. By long boiling with water, however, it 
Imcqmes converted into the sulphate of ammonia, 2 NHg.H, 0 .S 03 (or sul¬ 
phate of oxide of ammonium, which yields precipitates \rith 

both the above tests. The anhydrous phosphoric, carbonic, and sulphurous 
l^^ids also combine with dry tmpnonia to form ammonides, which do not 
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lespond to the ordinary teats for the corresponding salts of ammonia imtil 
after water has been assimilated. The true salts of ammonia are pro¬ 
duced either by the combination of a hydrated acid with ammonia, or by 
doable decomposition. 

187. Bulphaie of ammmia (2NH,.H,O.SOj, or (NHJ,SO^ is largely 
employed in the preparation of ammon iaralum , and of artificM manores. 
for which purposes it is generally obtain^ from the ammonia^ liquor 
of the gas-works by neutralising with su lphuric acid and jevap orating. 
The rough crystals are genlly heated to expeTtar^ substances, and 
purified by recrystallisation. The crystals have the same shape as those 
of sulphate of potash, and are easily soluble in water. When heated to 
about 500“ F. the sulphate of ammonia is decomposed, yielding vapour of 
sulphite of ammonia ( 2 NH 3 .HjO.SOg), water, ammonia, nitrogen, and 
sulphurous acid. If muslin be dipped into a solution of sulphate of 
ammonia in ten parts of water, and dried, it will no longer bum with 
flame when ignited. The mineral mmcagntm consists of sulphate of 
ammonia. This salt is occasionally foitnd in needlc-Iike crystals upon the 
windows of moms in which coal-gas is burnt. The Umlpluite of ammonia 
contains NlI3.HjO.SO3, or NHJISO^. 

188. 8enquicarIjoiiate o/ammr/r«'«( 4 NH 3 . 2 Hj 0 . 3 COj,or 

is the common carbonate of ammonia of tbf shops, also called snSeGTng 
salts or Trest&n^ftcdts^'i&Qdy rised in medicine, and by bakers and confec¬ 
tioners, for imparting lightness or porosity to cakes, &c. It is com¬ 
monly prepared by mixing sal-ammoniac (hydrochlorate of ammonia) 
with twice its weight of chalk, and distilling the mixture in an earthen 
or iron retort communicating, through an awn pipe, with a leaden chamber 
or receiver, in w'hich the sesquicarbonate of ammonia collects as a trans¬ 
parent fibrous mass, which is extracted by taking the receiver to pieces, 
and purified by resubliming it at about 130“ F., in iron vessels sur¬ 
mounted by leaden domes. The action of carbonate of lime upon hydro- 
chlorate of ammonia w'ould be expected to furnish the neutral carbonate 
( 2 NH,.HjO.COj.), or (NHJjCO,, but this salt (even if produced) is decom¬ 
posed by the heat employed in the process, with loss of ammonia and 
water, and formation of sesquicarbonate of ammonia— 

6 (NH 3 .HC 1 ) -»■ 3(CaO.COj) - 
4 NH 3 . 2 HjO. 3 COj -h 2 NH .3 -I- HjO -f- 3CaClj. 

When a mass of freshly prepared sesquicarbonate of ammonia is 
exposed to air, it evolves ammonia and carbonic acid, and becomes gradually 
converted into ati opaque crumbly mass of bicarbonate of ammoni|— 

4NH3.2H,0.3C0, = 2 NH 3 -h COj -i- 2(NH,.HjO.COj). 

Water effects this decomposition more rapidly; if the powdered sesqui¬ 
carbonate of ammonia be washed with a little water, bicarbonate of 
is left, and the solution contains the elements of neutral car¬ 
bonate of ammonia ( 2 NH 3 .HjO.CO 3 ), but this salt has not been obtained 
in the solid form. The sesquicarbonate dissolves in about three times its 
weight of cold water. Boiling water decomposes it, and the solution, on 
cooling, deposits large prismatic crystals of Uearhunute of ammmia 
(NHg.H,O.COg) whidi is much less soluble in water. This salt 3 .ha 8 
been found in considerable quantity, forming crystalline m^es in a bed 
of guano on the western coast of Pategonia. Sul volatile is an alcoholic ' 
solution of carbonate of ammonia obtained by distilling sal-ammoniac 
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wiiiii carbonate of potash and rectified spirit of wine, or by treating the 
sesqaicarbonate of ammonia with hot spirit. 

By dissolving sesquicarbonate of ammonia in strong solution of am¬ 
monia, and adding dcohol, prismatic crystals of the sesquicarbonate, of 
the formula 4 NHj,. 2 Hj 0 . 3 C 03 . 2 Aq., may be obtained 

189. Hydrochlorate of ammonia (NH,.HCJ), or Moride of ammonium 
(NH 4 CI), ^80 called muriate of ammonia and sal-ammoniae, —^When dry 
ammonia gas is brought in contact with an equal volume of dry hydro¬ 
chloric acid gas, it has been seen (p. 125) that they combine directly to 
produce the hydrochlorate of ammonia, the preparation of which on the 
large scale has been noticed at p. 120. It is also sometimes made by 
subliming a mixture of sulphate of ammonia with common salt— 

2NH,.H,O.SO, + 2NaCl - 2(NH3.HC1) + mp.SOj. 

Its commercial form is that of a very tough translucent fibrous mass, 
generally of the dome-like shape of the receivers, and often striped with 
brown, from the presence of a little iron. It has not the least smell of 
ammonia, and is very soluble in water, requiring about three parts of cold 
water, and little more than its own weight of boiling water. As the hot 
solution cools, it deposits beautiful fem-like crystallisations composed of 
enfiiflH ~ft?iA 4 }Dtalmdra. The liquefaction of sal-ammoniac in VT^ater 
lowers the temperature +hp p-H/ very 

useful in freezing mixtures. A mixture of equal wei^ts of sal-animoniac 
and nitre, dissolved in its own weight of water, lowers the temperature 
of the latter from 50° F. to 10°. In this case partial decomposition takes 
place, resulting in the production of chloride of potassium and nitrate of 
ammonia, both of which absorb much heat whilst being dissolv^ by 
water. The solution of hydrochlorate of ammonia in water is slightly 
acid to blue litmus paper. When sal-ammoniac is heated, it passes off in 
vapour, at a temperature below redness, without previously fusing; the 
vapour forms thick white clouds in the air, and may be recondensed as a 
white crust upon a cold surface; but it cannot be sublimed without some 
loss, a portion being decomposed into hydrochloric acid, hydrogen, and 

nitrogen. . . 

The specific gravity (weight of 1 vol.) of the vapour of sal-ammoniac is 
13*3 times that of hydrogen, so that 53*5 parts, or one molecule, would 
appear to occupy 4 vols. instead of 2, but this may be explained by sup¬ 
posing a temporary dissociation of the hydrochloric acid and ammonia 
when the salt is converted into vapour, so that the observed specific 
gravity is really that of a mixture of equal volume of these constituent 
gases. Some experimental evidence has been obtained in support of this 
view, for it has been found that free ammonia and hydrochloric acid may 
be separated by diffusion from the vapour obtmned on heating hydro- 
chlorate of ammonia. Moreover, the heat which becomes latent or is 
absorbed in vaporising the sal-ammoniac is almost exactly that which is 
produced by the combination of the hydrochloric acid and ammonia. When 
this salt is heated with metallic oxid^, ite hydrochloric acid often con¬ 
verts the oxide into a chloride which is either fusible or volatile, so that 
sal-ammoniac is often employed for cleandng the surfaces of metals pre- 
viqiiisly to soldering them. Even those metallic oxides^ which are 
destitute of basic proTOities, stt(di as antimonic wid stannic acids, are 
cQijp.vertible into chmriaes by the action of sal-ammoniac at a high tern- 
i^e^ture. 



LITfilUM. 271 

Hydiochlorate of ammoiua is found in volcwaic districts, and is present 
in very small quantity in sea*water. 

190. Hffdrosulphate of ammonia (21iHj.H,S), or sulphide of ammonium 
(NHJ^S, has been obtained in colourless cryst^ by mixing hydrosulphuric 
acid gas with twice its volume of ammonia gas in a vessel cooled by a 
mixture of ice and salt It is a very unstable compound, decomposing at 
the ordinary temperature of the air into free ammonia and hi-hydrosvdphate 
of ammonia, NH 3 .HjS, which may be obtained in very volatile colour¬ 
less needles by passing equal volumes of its constituent gases into a vessel 
cooled in ice. When a solution of ammonia is saturated with hydrosul- 
phuiic acid gas, the ammonia is found to have combined with two.j 
molecules, forming a solution of the bi-hydrosulphate or hydromlphate ojL 
ammmium (NH^HS). The solution is colourless when freshly prepared, T 
but it soon becomes yellow in contact with the air, from the formation'^ 
of the bisulphide of ammonium (NH^jSj), hyposulphite of ammonia being 
formed at the same time— 

4(NH,HS) + Oj = + 2H,0 . 

Eventually, the solution deposits sulphur and becomes colourless, hypo¬ 
sulphite, sulphite, and sulphate of ammonia being formed. When the 
freshly prepared colourless solution of the bi-hydrosulphate of ammonia is 
mixed with an acid, the solution remains clear, hydrosulphuric acid being 
evolved with effervescence; -i- HCl = NH 3 .HCI + H,S; 

but if the solution be yellow, a milky precipitate of sulphur is produced, 
from the decomposition of the bisulphide of ammonium— 

+ 2HC1 = 2NH,C1 + + 8. 

The fresh solution gives a black precipitate of sulphide of lead when 
solution of acetate of lead is added to it, but after it has been kept till it 
is of a dark yellow or red colour, it gives a red precipitate of the per¬ 
sulphide of lead. Solution of hydrosulphate of ammonia, prepared by 
mixing the bi-hydrosulpbate with an equal volume of solution of ammonia, 
is largely employed in analytical chemistry. The solution has a very 
disagreeable odour. 

Bisulphide of aTumoniura is qj^tuned in deliquescent yellow Crystals, when a mixture 
of ammonia eas with vapour of sulphur is passed through a im-hot porcelain tube. 

It is the chief constituent of Boyle's fuming liquor, a fetid yellow liquid obtained by 
distilling sal-ammoniac with sulphur and lime. The bisulphide *of ammonium is 
sometimes deposited in yellow crystals from this liquid. By dissolving sulphur in 
the bisulphide of ammonium, orange-yellow prismatic crysws of pentasulMde of 
amnumium may ^ obtained. Even a hrplasuiphiM of ammonium, 

has been cr^talllsed. 

Componnds may be obtained in which the sulphide of ammonium (NH 4 l,S plays 
the part of a sulphur-base towards the sulphides of arsenic, antimony, and other 
snlpnur-acids. , ,. , 

It is scarcely possible to represent the constitution of the higher sulphides of 
ammonium except on the ammonium hypothecs. 

The hydrobromate of ammonia (NHj.HBr), ot bromide of amnumium and 

the hydriodate of ammonia or iodide of amnumium (NH^l), are usew in 

photography. They are both colourless crystalline salts, but the iodide is very liable 
to become yellow or brown, from the separation of iodine, unless kept diy and in 
the dark. Both salts are extremely soluble in water. 

l&l. Lithivh (L =s 7 parts by weight) is a comparatively rare metal, obtained cHefly 
from tbe minerals l^ridolUe (x$irii, a scale) or litMa-mica, cont^ning silicate of 
ainmina with fluorides of potassium and lithium ; pettUiie (viwXw, a leaf), siUcate of 
80 ^ litiiis, and alumina, and triphane or spodumene ashes), which has a 
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ttimiW oGBtposi^n. Its name (from a atone) was bestow^ in the belief that it 
mdsted only in the mineral kin^om, bat recent iiiyestigation has detected it in 
minute proportion in the ashes or tobacco and other plants. 


minute proportion in the ashes of tobacco and other plants.^ 

Metallic B ttiiiim is obtained by decomposing fased chloride of lithium by a gw- 
▼aaio onrtent. It is remarkable os the lightest of the soj^djemeuts (sp. gr. 0*59). 
It bears a gentnal resemblance to liM Ib'dluSIb but is harder and less 

easily oxidised than those metals. It decomposes water rapidly at the cndinary 
ten^ratore, but does not inflame upon it. 

The alkali lithia (L,0) powerfully corrodes platinum when heated uiion it, and also 
diflhrs from potash and soda by forming a 8paringl;y soluble phosphate (SLsO.P^O,) 
and carbonate (LjO.COj). The compounds of lithium impart a red colour to the 
flame of the blowpip (p. 260). 

^,^^arboaate of litbia ia occiisionally employed medicinally. 

Rubidium (Rb'=s85 parts by weight) and Cmsium (C8'=133 paiia by weight) 
wei'e discovered so lately as in 1860, by Bunsen and Kirchhoif, during tiie analysis 
of a certain spring water which contained these metals in so minute quantity (2 or 3 
grs. in a ton) that they would certainly have escaped observation if the analysis bad 
been conducted in the ordinary way. The discovery of these >metal8, as well as of 
two others (tiiallium and indium) to be mentioned hereafter, was the result of the 
application of the method o{ spectrum anaZysis, of which a brief description' is hero 
given, although the discussion of the optical principles upon which it depends would 
be misplaced m a chemical work. 


192. Spectrum analysis .—It has been mentioneii aboye that oonipounds 
of potassium, sodium, and lithium impart, respectively, liLic, yellow, and 
red colours to the blowpipe flame (or air-gas flame, see p. 103), or, in 
other words, that the highly heated vapours of the metals evolve luminous 
rays of these particular colours. When the quantity of the metal is 
extremely minute, and its peculiar luminous rays proportionally scanty, 
their colour may very easily escape notice, especially if two or three metals 
are present in the flame at the same time. But if the light emanating 
from the flame he collected by a lens (at A, fig. 237), and transmitted 
through a prism of flint glass, or through a hollow prism filled with 

bisulphide of carbon (B), all 
the rays of one colour will 
he refracted in a definite 
direction, so that the spre- 
irum, or imago of the flame, 
when thrown upon a screen, 
instead of exhibiting colours 
uniformly distributed like 
the flame itself, will show 
stripes or bands of the vari¬ 
ous coloured rays existing in 
the flame. Thus, when va- 



Fig. 237.—Spectroscope. 


pour of sodium is present in 
the flame, the whole of the 


yellow light emitted by it vdll be collected in the spectrum into a narrow 
yellow stripe of great intensity, and so extremely delicate is this test that 
it is scarcely possible to obtain a flame which does not exhibit this sodium 
line. The heated vapour of lithium emits^ mixture of red with a few 
yellow rays, and accordingly, the spectrum of a flame containing lithium 
exhibits a very bright band of red light, and a comparatively dull hand 
of yellow light, the red hand being characteristic of lithium. The potas¬ 
sium flame emits a mixture of blue and red rays, so that its spectrum 
exhibits a distin^b red band of a darker colour than the lithium hand, and 
r fbshle violet bwd. Instead of thro'wing the spectrum upon a screen, it 
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is genehdly passed through a telescope (€) to the eye of the ohs^er, 
and the gpech'ooeope so constructed has now taken its place among the 
apparatus indispensable to the analytical chemist, ^e prism B may be 
slowly moved round by a handle attached to a stage on which it rests, 
in order that the difPerent parts of the spectrum may be successively 
brought into sight. By comparing the spectra of the flames containing 
vapomre of the metals with a picture or map of the solar spectrum (fig. 
238), the exact position of the various coloured bands may be noted, and 
thus, if several metals are present in the same flame, they may still be dis¬ 
tinguished by the colours and positions of their bands. Thus, if a mixture 
of the chlorides of potassium, sodium, and lithium be taken upon a loop 
of platinum wire and held in the flame, the dull red line of potassium 
(^> ^8- 238) is seen close to one end of the spectrum, at some distsmce 
from it the bright red band (L) of lithium ; at about the same distance 
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Spectrnm furnished by solar light decomposed by a prism. 
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Fig. 238. 

from this, the pale yellow lithium line; and close to this, the bright yel¬ 
low band of so<iiuui (Na) \ whilst near to the other end of the spectrum 
is the feeble violet band of potassium {k). The chlorides of the metald 
are most suitable for this experiment, on account of their easy conversioiq' 
into vapour. » 

When examining, with the s^ctroscope, the alkaline chlorides extracted from the 
spring water above alluded to, Bunsen and Eirchhoff observed two red and two blue 
blmds in the sipectmm, which they could not ascribe to an]|’ known substance, and 
which ^ey ultimately traced to the two new metals, rubidium (rabidas, dark-red) 
and CRcaium (easitis, sky-blue). 

Rubidium has since been found in small quantity in other mineral waters, in 
l^dolite and in the ashes of ma^ plants. This metal is closely related in pro- 
pehllBiPllf'lmtassium W is more easily fusible and convertible into vapour, and 
actually surpasses that metal in its attraction for oxygen, lybidium taki ng fire 
Hp pfifamnMigij r in air. It burns on water with exactly the samelGbmd'ltS 'p6fawlum^ 
oxide, rubidia (Bb,0), is a powerful alkali, like potash, and its salts are isomor- 
phous with those qf potash. The double chloride of jdatinum and potassiam, how¬ 
ever, is eight times as soluble in boiling water as the corresponding salt of rabidium, 
which is i»ken advantage of in separating these two allied metals. 

Cnsinm appears to be even more highly electropositive than rubidium, forming a 
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«troag Blkeli» cassia (C8|0), with oxygen, and Balts whidi are isomorphons with those 
of potassium. Carbonate of csesia, however, is soluble in alcohol, which ,does_ &ot 
dissolve the carbonates of pota^ and rubidia. Moreover, the bitartrate of cssia is 
nine tithes as soluble in water as the bitartrate of rubidia. 

Ctesium has been found in lepidolil^ ; and the rare mineral pollux found in Elba, 
and resembling fddspar in composition, is said to contain a very large qnantity of 
this metal. 

193. General review of the group of atkali-mdah. —Cajsinm, rah^um. 
potassium, sodium, and lithium, constitute a group of elements conspicuous 
for their highly electropositive character, the iwwerfully alkaline nature of 
their oxides, and the general solubility of their salts. Their chemical 
characters and functions aro directly opposite to those of the electronegative 
group containing fluorine, chlorine, bromine, and iodine, and, like those 
dements, they exhibit a gradation of properties. Thus, ceesium appears to 
be the most highly electropositive member, rubidium the next, then 
potassium and sodium, whilst lithium is the least electropositive; and just 
as iodine, the least electronegative of the halogens, possesses the highest 
atomic number, so caesium, the least electronegative (or most electro¬ 
positive) of the alkaU-motals, lias a higher atomic weight than any other 
member of this group, their atomic weights being represented by the 
numbers, csesium, 133; rubidium, 85*3; potassium, 39; sodium, 23; 
lithium, 7. As in the case of the halogens, also, there is no reason to 
believe that the atomic weights^of this group differ from their equivalent 
weights, so that they are all univalent elements. Just as cldorine is 
accepted as the representative of chloi'om radir.nh^ so potassium is com¬ 
monly regarded as the type of hasylous radicals, the term radical being 
applied to all substances, whether elementaiy or compound, which are 
capable of being transferred, like chlorine or i)otassium, from one com¬ 
pound to another without suffering decomposition. 

Some of the physical properties of these elements exhibit a gradation in 
the same order as their atomic weights; thus rubidium fuses at 101° F., 
potassium at 144°*5, sodium at 207°‘7, and lithium at 350°, so that, at 
ordinary temperatures, rubidium is the softest, and lithium the hardest of 
these metals. 

In some of their salts a similar gradational relation Is observed; tlie 
carbonates, for example, of ca*sia, rubidia, and potassa, are highly deli¬ 
quescent, absorbing water greedily from the air, whilst carbonate of soda 
is not deliquescent, and carbonate of lithia is sparingly soluble in water. 
The difficult solubility of the carbonate and phosphate of lithia consti¬ 
tutes the connecting link between this and the succeeding group of metals, 
the carbonates and phosphates of which aro insoluble in water. 

BAEIUM. 

Ba" ss 187 parts by weight. 

194. Barium, so named from the great weight of its compounds (jSopvs, 
heavy) is found in considerable abundance in the north of England, in two 
minei^ known as Withes'ite (carbonate ef baryta, BaO.CO,) and heavy 

I fpar (sulphate of baryta, BaO.SOg). Witherite is found in large masses 
in the le^ mines at Alston -Moor, and at Anglesark in Lancashire. It is 
send to be used for poisoning rats, and was originally mistaken, on account 
of its great weight, for an ore of lead. 

^ The metal ite^ is obtained by decomposing fused chloride of barium 
by the galvanic current. It is a pale yellow, fusible, malleable metd of 
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sp. gr. about 4, which is easily oxidised bv ai r, and ra pidly dec ompos es j 
w %tflr a t commo n temperature s. ^ 

Such compounds of baryta as are used in the arts are chiefly prepared 
from heavy spar or sulphate of baryta, which is remarkable for its insolu¬ 
bility in water and acids. In order to prepare other compounds of baryta 
from this refractory mineral, it is ground to powder and strongly heated 
in contact with charcoal or some other carbonaceous substance, which 
removes the oxygen from the mineral in the form of carbonic oxide, and 
converts it into sulphide of Imium; BaO.SOj + = 4CO + BaS. 

This latter compound, being soluble in water, can be readily converted 
into other barytic compounds. 

The artificial of baryta which is used bv painters , ins tead of ft 

wh ite load , under the name of pennaTwut white, and is employed forW 
glazing cards, is prepared by mixing the solution of sulphide of barium 
with dilute sulphuric acid, when the sulphate of baryta separates as a 
white precipitate, which is collected, washed, and dried— 

BaS + Hp.SO* = H,S + BaO.SO,. 

The artificial carbonate of baryta, wliich is used in the manufacture of 
some kinds of glass, is prepared by passing carbonic acid gas through a 
solution of sulphide of barium, when the carbpnato of baryta is precipi¬ 
tated ; BaS + li,0 + CO,, = H,S + BaO.COy 

In preparing compounds of barium from heavy spar on tlic small scale, it is better 
to convert the sulphate of barj’ta into carbonate of barvta. 50 grs. of the finely 
powdered sulphate arc mixed with 100 grs. of dried carlionatc of soila, €00 grs. of 
powdered nitre, and 100 grs. of very finely jiowdered chaivoal. Tlie mixture is 
placed in n heap upon a brick or iron plate, and kindled with a match, wlien the 
heat evolved by the combustion of the charcoal in the ox}'gcn of the nitre, fuses the 
sul]dmte of baryta with the carbonate of soda, when they are decomposed into car¬ 
bonate of baryta and sulphate of soda— 

BnO.SOj, + NajO.C'O, = NajO.SO, + BaO.COj. 

The fused mass is thrown into boiling water, which dissolves the sulphate of soda 
and leaves the carbonate of baryta. The latter may be allowed to settle, and washed 
several times, by decantation, with distilleil water, until the washings no longer 
yield a precipitate with chloride of barium, showing that the whole "f the sulphate of 
soda has heeu washed away, and jnirc carboiiato of baryta remains. 

Nitrate of baryta, BaO.NjjOj or Ba(NOJj, is obtained by dissolving car¬ 
bonate of baryta in diluted nitric acid, and evaporating the solution, when 
octahednd crystals of the nitrate are depositel. It is an inc^edient in. 
some kinds of blasting powder used by miners. If nitrate of baryta bei| 
heated in a porcelain crucible, it fuses and is decomposed, leaving a grey 
porous mjiss of baryta; Ba().N._,Og = BaO + 2Ni\ + 0. 

Hydrate of baryta may be procured by adding 4 oz. of the powdered^ 
nitrate of baryta to 12 oz. of a boiling solution of hydrate of soda, off 
sp, gr. 1*13 (prepared by dissolving 3 oz. of commercial hydrate of soda itf 
20 measured ounces of water) j tlie solution becomes turbid from the sepa^ 
ration of carbonate of baryta produced from tlie carbonate of soda in th4 
hydrate j it is boiling for souse minutes and then filtered; on partial, 
cooling, some crystals of undecomposed nitrate of baryta are deposited, 
and if the clear liquid be poured off into anoth^ vessel and stirred, it 
deposits abundant crystals of hydrate of baryta,^having the composition 
BaO.i^O.SAq.; these eflloresce and become opaque when exposed to 
air, becoming BaO.H„O.Aq.; when heated to redness, they become pure 
hydrate of baryta, BaO.H,0, which fuses but is not decomposed when 
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( farther heated. The hydrate of baryta ia moderately soluble in water, the 
solution being strongly alkaline, and absorbing carbonic acid from the 
air, depositing carbonate of bary^ 

When baryta is heated in a tube through which oxygen or air is passed, • 
it absorbs the oxygen and is converted into binoxide of barium (BaO*), 
which is employed for the prepaAtion of peroxide of hydrogen (seep. 51). 
t Chloride of barium, which is the barium compound most commonly 
1 employed in the laboratory, may be obtained by diasolviDg the carbonate 
I of baryta in diluted hydrochloric acid, and evaporating the solution j on 
\ cooling, the chloride is deposited in tabular crystals, BaClj-SAq. 

On the large scale it is generally manufactured by fusing heavy spar 
(sulphate of baryta) with chloride of calcium (the residue ^m the pre¬ 
paration of ammonia, see p. 120), in a reverberatory furnace— 

BaO.SO 4- CaCl, = CaO.SOs + BaCl,. 

The mass is rapidly extracted with hot water, which loaves the sulphate 
of lime undisBolved, and the clear solution of chloride of barium is de¬ 
canted and evaporated. If the sulphate of lime and chloride of barium 
were allowed to remain long together in contact with the water, sulphate 
of baryta and chloride of calcium would be reproduced. 

Chlorate of baryta (BaO.CljOj, or Ba (ClOj,)^) is employed in the 
manufacture of fireworks, being prepared for that purpose by dissolving 
the artificial carbonate of baryta in solution of chloric acid; it forms 
beautiful shining tabular crystals. When mixed with combustible sub- 
/- stances, such as charcoal and sulphur, it imparts a brilliant green colour 

to the flame of the burning mixture (see p. 164). . 

All the soluble salts of barium are very poisonous. 


STRONTIUM. . 

Sr"=87 ‘5 parts by weight. 

195. Strontium is less abundant than barium, and occurs in nature in 
similar forms of combination. StrontianUe, the carbonate of sfronfia 
(S^.CO,), was first discovered in the lead mines of Strontian in Argyle- 
shire, and has since been found in small quantity in some mineral waters. 

Celeatine (so eddied from the blue tint of many specimens) is the aul- 
phate of atrontia (SrO.SOj), and is found in beautiful crystals associated 
with the native sulphur in Sicily. It is also met with in this country, 
and is the source from which the nitr ate of atrontia employed in firework 
compositions is derived. The sulphate of atrontia resembles that of 
baryta with respect to its insolubility, and is converted into the soluble 
aulphide of strontium (SrS) by calcination with carbonaceous matter. 
The solution of sulphide of strontium so obtained is decomposed by nitric 
acid, and the nitrate of atrontia crystallised from the solution. This salt 
forms prismatic Ratals which have the formula 8rO.N„Oj.6Aq. It has 
the property of impartbg a magnificent enn^n cd!Otff*W rflamee. and is 
|hence largely used for the preparation of i«3!Weatricar®e;'*‘'7SSrp. 164.) 
flhe other compounds of strontium possess too little practical importance, 
’.and too neady resemble those of barium, to require particiUar description 
here. No peroxide of strontium, however, has been obtained. 

“nie metd itself is prepared in a similar manner to metallic barium, 
%whi^ it much resembles, though it is lighter (sp. gr. 2*54) and less 
. fusible. Xt b|Tn8, when heated m air, with a crimson flame. 
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CALCIUM. 

Oa" sr 40 parts by weight. 

196. Ko oilier metal is so largely employed in a state of oombination 
as calcium, for its oxide, lime (CaO), occupies among bases much the 
same position as that which sulphuric acid holds among the acids, and is 
used, directly or indirectly, in most of the arts and manufacturea 

lake barium and strontium, it is found, though far more abundantly 
than these, in the mineral kingdom, in the forms of carbonate and sul¬ 
phate, but it also occurs in large quantity as fluoride of calcium (p. 181), 
and less frequently in the form of phosphate of lime (p. 223). Calcium, 
moreover, is found in all animals and vegetables, and its presence in their 
food, in one form or other, is an essential condition of their existence. 

Metallic calcium may be obtained by decomposing fused iodide of cal¬ 
cium with metallic sodium. It has a light golden-yellow colour, is harder 
than lead, and very malleable; it oxidises slowly in air at the ordinary 
temperature, but when heated to redness, it fuses and b urns with a veiy ^ 
brilhant white light, being converted into lime fcalx).*/It decomposes^ 
water at tlnnJWTnS^ temperature. It is lighter tliau barium and stron¬ 
tium, its specific gravity being 1’58. 

Carbonate of Lime (CaO.CO, or CaCO,), from which aU the manu¬ 
factured compounds of lime are derived, constitutes the different varieties 
of limestone which are met with in such abmidance. 

LimeMones and chalk ore simply carbonate of lime in an amorphous or 
uncrystallised state. The ooliU limestone, of which the Bath and Port¬ 
land building-stones are composed, is so called from its resemblance to the 
roe of a fish (taov, an e^. Marhla, in its different varieties, is an assem¬ 
blage of minute crystalline grains of carbonate of lime, sometimes varie¬ 
gated by the presence of oxides of iron and manganese, or of bituminous 
matter. This last constituent gives the colour to black marble. Car¬ 
bonate of lime is also found in large transparent rhombohedral crystals, 
which are known to mineralogists as culcareom spar, calc spar^ or Iceland 
(tpar. When the crystals have the form of a six-sided prism, the mineral 
is termed Arragonite. The attention of the crystallographer has long 
been directed to these two crystalline forms of carbonate of lime, on 
account of the circumstance, that if a prism of arragonite be heate^ it 
breaks up into a number of minute rhombohedra of calc spar. 

Carbonate of lime is a chief constituent of the shells of fishes and of 
egg shells, so that, except phosphate of lime, no mineral compound has 
so large a shore in the composition of animal frames. Corahs also con¬ 
sist chiefly of carbonate of‘lime derived from the skeletons of innumer¬ 
able minute insects. The mineral gaylussite is a double carbonate of 
Ume and socU (CaO.CO„ Na,O.COj.5Aq.), and is scarcely affected by 
water unless previously heated, when water dissolves out the carbonate of 
soda. Baryto-calcite is a double carbonate of baryta and lime (BaO.COj, 
CaO.CO,). 

Limb (CaO).—llie process, by which lime is obtained fi^jm the car¬ 
bonate baa been already alluded to imder the name of lime-buming. In 
order that the carbonic acid may be completely expelled from the cay- 
boimte of lime, it is necessary that the products of combustion of the fuel 
should be allowed to pass o ver t he limestone, since although a very 
intense heat is insufficient to decompose cifrbonate of Hme when chut up 
in a crucible, the decomposition is easily effected if the carbonate be 
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heated in a current of atmospheric air or of any other gas, especially if 
aqueous vapour be present, as is riie case in the products oC combustion 
of the fuel. 

Accordingly, a kiln is commonly employed of the form of tm inverted 
cone of brickwork (fig. 239), and into this the limestone^ and fuel are 
throvm in alternate layers. The former losing its cMbonic"aiJtd™brfoi^ 
it reaches the bottom,' bf 'the furnace, is raked out in the form of humt 
or quich lime (CaO), whilst its place is supplied by a fresh layer of lime¬ 
stone thrown in at the top of the kiln. Fig. 240 represents another form 



Fij?. 231).—Lime. Fig. 240.—Lime-kihi. 

of kiln, in which the limestone is supported upon an arch bnilt with 
large lumps of the stone above the lire, which is kept burning for about 
. three days and nights, until the whole of the limestone is decomposed. 

/ The usual test of the quality of the lime thus obtained consists in 
; sprinkling it with water, with which it should eagerly combine, evolving 
‘j much heat, swelling greatly, and crumbling to a light white powder of 
i hydrate of lime {flalced linie). Lime which behave.«i in this manner is 
' termed/a^ lime.; whereas, if it be found to slake feebly, it is pronounced 
a ]pooi' lime., and is known to contain considerable quantities of foreign 
substances, such as silica, alumina, magnesia, &c. Lime is said to be 

I overhurnt when it contains hard cinder-like massps of sHTcate" ©! lime, 
formed by the combination of the 8iirca,*whichi^is generally found in lime¬ 
stone, with a portion of the lime, under tlie influence of excessive heat in 
the kiln. 

The hydrate of lime is about twice as soluble in cold as it is in hoi 
water, so that Ume-ioater should always be made by shaking slaked lime 
with cold distilled water, which dissolves about l-700th of its weight; 
the solution is allowed to settle in a closed bottle, for it absorbs carbonic 
acid rapidly from the air. Crystals of hydrate of lime have been obtained 
by evaporating lime-water in vacuo. * 

SujuPHATE OF Limb in combination with water (CaO.SOj.H,O.Aq.) is 
met with in nature, both in the form of transparent prisnm of selmite, 
and in opaque and semi-opaque masa^ known as alabaster and gypsum. 
It is tliis latter form which yields plast&r of Paris, for when heated to 
jwtween 300“ and 400“ F,, it loses its water, and if the mass be then 
j^wdered, i|ad i^ain raided with water, the powder recombines with it 
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to form a mass of hydrated sulpha of lime, the hardness of which nearly 
equals that of the original gypsum. 

In the preparation of plaster of Paris, a number of large lumps of 
gypsum are built up into a series of arches, upon which the rest of the 
gypsum is supported; under these arches the fuel is burnt, and its flame 
is allowed to traverse the gypsum, care being taken that the temperature 
does not rise too high, or the gypsum is omrhurnii and does not exhibit 
the property of recombining with water. When the operation is supposed 
to be completed, the lumps are carefully sorted, and those which appear 
to have been properly calcined are ground to a very fine powder. When 
this powder is mixed with water to a cream, and poured into a mould, the 
minute particles of anhydrotis sulphate of lime (CaO.SOj) combine with 
2 molecules of water to reproduce the original gypsum (Ca 0 .S 03 .Hj, 0 .Aq.), 
and this act of combination is attended with a slight expansion which 
forces the plaster into the finest lines of the, mould. v, f'i u L 

I Stmeo consists of piaster^of Paris (occasionally coloured) mixed witma 
^ solution of size; certain cements used for building purposes (Keena’s and 
Keating’s cfilfients) are prepared from burnt gypsum, which has been 
soaked in a solution of alum and again burnt; and although tM plaster 
thus obtained takes much longer to set than the ordinary khid, it is much 
harder, and therefore takes a good polish. 

Plaster of Paris is mucli damaged by long exposure to moist air, from 
which it regains a i»ortion of its water, and its property of setting is so far 
diminished. 

Precipitated sulphate of lime is used by paper-makers under the name 
of ptuirl hardener. 

Chloride, of calcium (CaClj) has been mentioned as the residue left in 
the preparation of ammonia. Tlie pure salt may be obtained by dissolving 
pure carbonate of lime (white marble) in hydrocidoric acid, and evaporat¬ 
ing the solution, when prismatic crystals of the composition CaCl,.6Aq. 
are obtained. W’lien these are heated they melt, and at about 390° F. 
are converted into a Avliite })ovous mass of CaClj,.2Aq., winch is much 
used for drying gases. At a higher temperature, fused chloride of calcium, 
free from W'ater, is left; this is very useful for removing water from some 
liquids. A saturated solution of chloride of calcium hoil' at 355° F., and 
is sometimes used as a convenient hath for obtaining a temperature above 
the boiling point of water. 

When hydrate of lime is Iwiled with a strong solution of chloride of 
calcium, it is dissolved, and the filtered solution deposits prismatic crystals 
oi oxychloride of calcium, CaC1^3Ca0.15Aq., which are decomposed by 
pure water. 


MAGNESIUM. 

Mg"= 24‘3 parts by weight. 

197. Magnesium is found, like calcium, though less abundantly, in 
each of the three natural kingdoms. Among minerals containing this 
metal, those with which we are most familiar are certain combinations of 
silica and magnesia (silicates o f magnes ia) known by the names of talc, 
steatite or Fre nch ch ^^TasU^os, and meerschaum, which always contains 
water, ifayttemte is a catenate of magnesia. Most of the minerals 
containing magnesium have a remarkably soapy feel. The compounds of 
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sutgnesiiiaj, which ai© employed in medidiie, are derived either from the 
reiseral dolomite or magnesian limestone^ which contains the carbonate 
of magnesia and carbonate of lime, or :^m the sulphate of magnet 
which is obtained from sea-water and from the waters of many mineral 
springs. 

Metallic magnesium has acquired some importance during the last few 
years as a source of light. When the extremity of a wire of this metal 
is heated in a flame, it takes fire, and bums with a dazzling white light, 
becoming converted into magnesia (MgO). If the burning wire be plunged 
into a bottle of oxygen, the combustion is still more brilliant. The light 
" emitted by burning magnesium is capable of inducing chemical changes 
similar to those caused by sun-light, a circumstance turned to advantage 
for the production of photographic pictures by night. Attempts have 
been made to introduce magnesium as an illuminating agent for general 

i purposes, but the laige quantity of soHd magnesia produced in its com¬ 
bustion forms a very serious obstacle to its use. The metal is extracted 
from the chloride of magnesium (sec p. 115) by fusing it with sodium, using 
chloride of sodium and fluoride of calcium to promote the fusibility of the 
mass. 

On a small scale, magnesium may be prepared by mixing 900 grs. of chloride of 
magnesittin with 150 grs. of fluoride of calcium, 150 of fused chloride of sodium, 
and 150 of sodium cut into slices (see p. 116). Tlie mixture is thrown into a 
red-hot earthen crucible, which is then covered and again heated. When the 
action appears to have terminated, the fused mass is stirred w’ith an iron rod to 
promote the union of the globules of magnesium. It is then poured upon 
an iron tray, allowed to solidify, broken up, and the globules of magnesium 
separated from the slag; they may he collected into one globule by throwing 
them into a melted mixture of chlorides of magnesium and sodium and fluoride of 
calcium. 

In most of its physical and chemical characters magnesium resembles 
zinc, though its colom more nearly approaches that of silver j in ductility 
and malleability it al.so surpasses zinc. It is nearly as light, however, 
as calcium, its specific gravity being 1 *74. It fuses below a red heat, 
and may be distilled li^e zinc. Cold water has scarcely any action 
upon magnesium; even when boiled it oxidises the metal very slowly. 
In the presence of acids, however, it is rapidly oxidised by water. 
Solution of hydrochlorate of ammonia also dissolves it, owing to the 
tendency of the magnesium salts to form double salts with those of 
ammonia— 

4(NH,.HC1) + Mg 2(NH,.HCl).MgCl, + E, + 2 NH 3 . 

hlagnesium is one of the few elements which unite directly with nitrogen 
at a high temperature, Ibe nitride of magnesinm, N^Mg,, has been 
obtained in transparent crystals, and is evidently composed ^ter the typo 
2 XH 3 , so that it is not surprising that the action of water upon it gives 
rise to magnesia and ammonia, N^Mgj + 6 HO = 2NHg + 3MgO. 

The suljdiate of magnesia, so well known as Epsom salts, is sometimes 
prepared by calcining dolomite to expel the carbonic acid, washing the 
residual mixture of lime and magnesia with*water to remove part of the 
lime, and treating it with sulphuric acid which converts the lime and 
magnesia into sulphates; and since sulphate of lime is almost in¬ 
soluble in water, it is readily separated from the sulphate of magnesia 
which passes into the solution, and is obtained by evaporation in pris¬ 
matic crystals having the composition MgO.SOg.HjO.fiAq. The prepara- 
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tion of Epsom salts from sea-ivater has already Ibeen alluded to (p. 262). 
In some pa^ of Spam, sulphate of magnesia is £)und in l^e quantities \ 
(like nitre in hot climates) as an efflorescenoe upon the surface of the I 
soil. This sulphate of magnesia, as well as that contained in wdl-waters, \ 
appears to have been produced by the action of sulphate of lime, origmaliy 
present in the water, upon magn^ian limestone rocks; MgO.CO, -f 
CaO.SO, = M^.SO, + CaaCO,. j W 

The water of constitution in the sulpmto of magnesia may be^ displaced 
by the sulphate of an alkali without alteration in its crystalline form; 
a double sulphate- of ma^esia and iwtash (MgO.SOg, ]^O.SOj,.6Aq.), 
and a similw i^t of ammonia (MgQ.SOg, 2NHj.H^O.SOg.6Aq.) may be thus 
obtained. The mxmv^ pohjhalite (jroKv^, many, aXt, salt) is a remarkable 
salt, containing MgO.SOg, K^O.SO;,, 2(CaO.SOs), SH^O.* Water decom¬ 
poses it into its constituent salts. 

The preparation commonly used in medicine under the name of mag¬ 
nesia, is redly a basic carbonate of magnesia, or a compound of carbonate 
of magnesia with hydrate of magnesia and water in the proportions 
expressed by the formula, 3(Mg0,C0j).Mg0.Hj,0.3Aq. It is obtained 
by mixing boiUng solutions of sulpliate of magnesia and carbonate of soda, 
when one-fourth of the carbonic acid is expelled in the state of gas; the 
white precipitate is thrown upon a cloth strainer, well washed, and dried 
in rectangular moulda 

Another process for prejMiring carbonate of magnesia consists in heating 
magnesian limestone to low redness, so as to decompose the carbonate of 
magnesia which it contains, and exposing it, under pressure, to the action 
of water and carbonic acid, which ilissolves the magnesia and leaves the 
carbonate of lime. On boiling the solution, to expel the excess of car¬ 
bonic acid, the carbonate of magnesia is precipitated. 

By moderately heating the carbonate of mf^nesia, its water and carbonic 
acid ar <3 o.xpelled, and pure or eakincil magnesia (MgO) is left, which is 
very slightly soluble in water and feebly alkaline. 

The mincitd pcrichm consists of magnesia in a crystallised form. Mag¬ 
nesia combines vrith water to form a hydrate (MgO.Hj,0), but not with 
evolution of heat, as in the cases of baryta, strontia, and lime. Crys¬ 
tallised hydrate of magnesia constitutes the mineral hrucite. Magnesia, ^ 
like lime, is remarkable for its infusibility. 

It has recently been noticed that calcined magnesia, when mixed with ^ 
water, solidifies after a time into a very hard compact mass of hydrate of ' 
magnesia f MgO.H .Ol . and may serve, like plaster of Paris, for taking 
casts. Dplomite calcmed below I'edness jilso sets to a very hard mass with 
water. f ds'tx« - 

The p7i.o^)Jmte of magnesia (SMgO.PjOj) enters into the composition of 
bones, and the phosphate ofmagnesia and umnumia (2MgO. 2 NH 3 . HjO.PjOj), 
or tripU phosplMte., is found in calculi and in the minerals guanite and 
struvite. 

Borate ofmagnesia composes Uie mineral horacite; hydrohoracite \e a 
hydrated borate of lime and jiagnesio. 

Serpentine and olivine are silicates of magnesia and protoxide of iron. 
Some of the varieties of serpentine are employed for preparing the com¬ 
pounds of magnesia, for they are easily decomposed by acids with separa¬ 
tion of silica. 

^ Pearl-spar is a crystallised carbonate of lime and magnesia. 

• PblyhMite rndkiesmte MgO.SO,, 11,0 are found in tbo salt-beds of Stassfurth. 
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(Sdonde of magmsiim- % imjrairtaat as the source of metallic mag* 
Hfiskun. Xtis ea^'obliiuue^ ia Solutiou by neutralising b;^drochloric 
acid ivith. magnesia or ite carbonate, but if this solution be evaporated in 
order to obtain, the dry ehloiide,. a considerable quantity of the salt is 
decomposed by the water at the .close of the evaporation, leaving much 
magnesia mixed with the chloride (MgCl, + H,0 = 2HC1 + MgO). This 
decomposition may be prevented by mixing the solution with three parts 
of hydrochlorate of ammonia for every part of magnesia, when a double 
salt MgCl,.NH 3 ,HCl is formed, which may be evaporated to dryness 
without decomposition, and leaves fused chloride of magnesium when 
further heated, the hydrochlorate of animouia being volatilised. The 
chloride of magnesium absorbs moisture very rapidly from the air, and is 
very soluble in water. Like all the soluble salts of magnesium, it has a 
decidedly bitter tasta . When magnesia is moistened with a strong solu- 
/ lion of chloride of magnesium, it sets into a hard mass like plaster of Paris, 

I apparently from the formation of an oxychloride MgO.MgClj. It may 
I be mixed with several tim^ its weight of sand, and will bind it firmly 
1 together. f 

y A ^ ? i' • 5 ; . “ » ' '{<■ ' //'-'■* A..***" 

198. General review of the mMals of the alkaline earths. —Barium, 
steontium, calcium, and magnesium form a highly interesting natural 
group of metals related to each other in a most remarkable manner. 
They exhibit a marked gradation in their attraction for oxygen; barium 
is more readily tarnished or oxidised, even in dry air, than strontium, and 
strontium more readily than calcium; whilst magnesium is not at all 
affected by dry air, and is comparatively slowly tarnished even in moist 
i air. Again, the three first metals decompose water at the ordinary tempera- 
I ture, combining with its oxygen and liberating the hydrogen, hut mag- 
i nesium requires the aid of heat to (sffect this decomposition. The oxide.s 
of the metals exhibit a similar gradation in properties; baryta, stroutia, 
and lime combine with Avater very energetically with great" evolutioU of 
lieat,'Whilst in the case of magnesia no rise of temperature is observed; 
the hydrate of baryta does not lose its water, however strongly it may be 
heated, whereas the liydmtes of stroutia and lime are decomposed at a red 
lieat, and hydrate of magnesia even at a lower temperature. Then hydrate 
of baryta and hydrate of strontia are far more soluble in water than hytlrate 
of lime (which requires about 700 pai’ts of Avater to dissolve it), and all 
these three exhibit a very decided alkaline reaction which entitles them 
to the name of alkaline earths; but hydrate of magnesia requires about 
3000 parts of water to dissolve it, and is so feebly alkaline, that it 
might even be fairly classed among the earths proper. 

Among the other compounds of these metals, the sulphates may be 
named as presenting a gradation of a similar description; for sulphate 
of baryta may be said to be insoluble in water, sulphate of strontia dis¬ 
solves to a very slight extent, sulphate of lime is rather more soluble, and 
the sulphate of magnesia is very readily dissolved by water. It will be 
( seen hereafter that the sulphates of the earjihs proper are remarkable for 
1 their solubility in water, so that, in this respect also, magnesia appears 
‘ to stand on the border line between the two classes. 

The manner in which these metals 9 re associated in nature is also not 
Avithout its significmice; for if two of them are found in the same 
m^meral, they will usually he those which stand next to each other in 
the group '; „thus carbonate of strontia is found together with carbonate 
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of baryta in witberite, wbilat caiboiiate ci Ibao^ ia aaaodated with the 
sulphate of strontia in cel^tme. Again, eaiboiiate of stiontiais often 
found with carbonate of lime in arragonite, and the carbonate of uuig- 
nesia occurs with carbonate of lime in dolomite, 

199, Equivalent and atomie vsmghts of barium, strontium, caXdum, 
and magnesium .—^The analysis of chloride of barium has proved it to 
contain 68*6 parts by weight of barium, combined with 1 eq. (35*5 
parts) of chlorine; whence the equivalent of barium is accepted as 
G8*6. In a similar manner, that of strontium has’ been fixed at 43*8, 
that of calcium at 20, and that of magnesium at 12; so that here,as 
in the group of alkali-metals, the equivalent numbers decrease with the 
diminution of the electropositive character in the metals. 

Eolation between specific heats and equivalent weights. Atomic heats .— 
Since the specific volumes of the vapours of these metals have not been 
ascertained, recourse is had to their specific heats in order to ascertain 
their atomic weights. It will be remembered that the specific heat of 
a substance is the quantity of heat required to raise it 1® in tempera¬ 
ture, as compared with the quantity of heat required to raise an equal 
weight of water 1®; or, more concisely, the quantity of heat required 
to raise one part by weight of the substance 1° (referred to water as the 
unit). 

Thus, the s|iecific heats of potassium, sodium, and lithium are, respec¬ 
tively, 0’1696, 0*2934, and 0*9408; these numbers representing the 
relative quantities of heat reejuired to raise one pai’t by weight of each 
of these metals 1“ in temperature, supposing that an equal weight of 
water would Ije raised 1° by a quantity of heat expressed by one. iiTo 
simitle relation can be traced between these numbers, but if the quan¬ 
tities of heat be calculated which are required to raise equivalent weights 
of these elements 1“, the case w'ill be diUerent. 

If 0*169C be the t]uantity of heat required to raise one part by weight 
of potassium 1°; 0*1(596 x 39, or 6*61, will represent the quantity of heat 
required to raise 39 parts (1 e(i.) of potassium 1®. In the same way, 
0*2934 X 23, or 6*75, is the quantity of heat required to raise 23 parts 
(1 eq.) of sodium 1®; and 0*9408 x 7, or G*59, is the quantity required 
to raise 7 parts (1 eq.) of lithium 1°. Allowing for cxpM*imcntal error in 
tlie determination of the specLIic heats, these numbers, 6*G1, 6*75, and 
6*59, may be regarded as representing the same quantities of heat. Since 
the atomic weights of potassium, sodium, and lithium are expressed by 
tlio same numbers as their equivalent weights (sec p. 274), the numbers, 
6*61, 6*75, and G*59, would represent the atomic heats oi these metals, 
that is, the relative (quantities of heat required to raise an atom of each 1° 
in temperature. 

The atomic heat, therefore, which is common to these three metals, may 
be represented by the mean of the three numbers, or 6*65. 

The experiments w'hich have been made to determine the specific heats 
of those elements which can.be obtained in a similar physical condition, 
lend strong support to the belief that the atomic heats of all elements 
belonging to the same group are identical, and even hold out a prospect 
of the identity of the atomic heats of a groat majority of the elementwy 
bodies. 

A similar relation has been observed between the atomic heats of com¬ 
pound bodies belonging to the same group; thus, if the specific heals of 
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the chlorides of potassmm, sodium, and lithium he multiplied by the 
tttmuic weights of those chlorides, the product in each case will approach 
very nearly to the number 12*69. If these chlorides be allowed to con¬ 
tain one atom of each of their constituents, and it be supposed that the 
atomic heats of these constituents are identical, the half of this number 
(or 6*34) should represent the atomic heat of the alkali-metals, and, in 
&ct, it does nearly coincide with that number (6*65). 

llie specific heats of barium, strontium, and calcium have not been 
determined, and therefore their atomic heala cannot be directly ascertained. 
The specific heat of magnesium, however, is 0*2499, and if the atomic 
weight of this metal were identical with its equivalent (12), its atomic 
heat would be represented by the number 3 ; but if the atomic weight be 
regarded as double the equivalent, or 24, the atomic heat will be 
(0*2499 X 24) 6, a number more nearly approaching to the atomic heats 
of the alkali-metals. This is one reason for supposing that the atomic 
weight of magnesium is really represented by 24. 

The specific heats of the chlorides of barium, strontium, calcium, and 
magnesium have been ascertained to be represented by the numbers 
0*0900, 0*1180, 0*1686, and 0*1970, respectively. Now, if the atomic 
weights of these metals be regarded as identical with their equivalent 
weights, the atomic heats of the chlorides, obtained by multiplying then* 
atomic weights into their specific heats, would be expressed by the mean 
number 9*36, and if this be divided by 2 (the presumed number of atoms 
in each cliloride), it would give 4*68 for the atomic heat of each of the 
elements of the compound, a number which cxliibits no simple relation 
to the atomic heat of magnesium, or to those of the alkali-metals. If it 
be supposed, however, that the atom of barium, strontium, calcium, or 
magnesium really represents two equivalents, so that each chloride con¬ 
tains three elementary atoms (two of chlorine and one of metal), the 
atomic weight of each of the chlorides would bo doubled, and, conse¬ 
quently, the atomic heat would be twice that given above, or 18*72. 
Dividing this by 3, the presumed number of atoms in tho chloride, we 
obtain the number 6*24 for the atomic heat of each of the elements, 
which agrees very well with that directly obtained for magnesium and 
the alkali-metals. 

The metals barium, strontium, calcium, and magnesium, therefore, aro 
generally regarded as bi-cquivalent or diatomic elements, one atom of 
each occupying the place of two atoms of hydrogen. 

ALUMINUM. 

Al"' =27*5 parts by weight. 

200. Aluminum is the representative of the class of metals usually 
styled metals of the earths proper, and including also glucinum, thorinum, 
yttrium, zirconium, erbium, terbium, cerium, lantbanium, and didymium, 
W of tbese, aluminum is the only metal havipg any claim to our attention 
on the ground of its practical importance. 

Aluminum is distinguiiShed among metals, as silicon is among non- 
metallic bodies, for its immense abundance in the solid mineral portion 
of the earth, to which, indeed, it is almost entirely confined, for it is 
'^'present in vegetables and animals in so small quantity that it can scarcely 
Jbe regarded aj forming one of their necessary components. 
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One of the old^t rocks, 'itiiich appear to have or^inaUy formed the 
ba^ of the solid stractare of the globe, is that known as granite. This 
mineral, which derives its name from its cpnspicuous granular structure, 
is a mixture, in variable proportions, of quartz, feldspar, and mica, tinged 
of various colours by the presmice of sii^ quantities of the oxides of 
iron and man^nese. 

Quartz, which forms the translucent or transparent grams in the granite, 
consists simply of silicic acid •, feldspar, the dull cream-coloured opaque 
part, is a combination of that acid with alumina and potash, and is 
generally spoken of as a double silicate of alumina and potash, ite com¬ 
position being represented by the formula^j0.3SiOj,AljOj,.3SiO,} 

Mica, so nam^ from ihe glittering scales which it forms in the granite, 
is also a double silicate of alumina and potash, but the alumina is very 
frequently displaoed by sesquioxide of iron, and the potash by magnesia. 

By the long-continued action of air and water, the granite rock is 
gradually crumbled down or disintegrated, an effect which must bo 
ascribed to a concurrence of mechanical and chemical causes. Mechani¬ 
cally, the rock is continually worn down by variations of temperature, 
by the congelation of water within its minute pores, the rock being 
gradually split by the expansion attendant upon such congelation. 
Chemically, the action of water containing carbonic acid would tend toi 
remove the potash from the feldspar and mica in the form of carbonate on 
potash, whilst the silicate of alumina and the quartz would 8trt«eqti&tly| 
be separated by the action of water; the former, being so much lighter,* 
would bo soon washed away from the heavy quartz, and, when agaiif 
deposited, would constitute clay. 

Although clay, therefore, always consists mainly of silicate of alumina, 
it generally contains some uncombined silicic acid, together with variable 
quantities of lime, of oxide of iron, &c., which give rise to the numerous 
varieties of clay. ^ ' • 


Coynjmitioti of Clay. 



Chinese Kaolin. 

■v. 

Fire-clay. 

(Stourbridge). 

Pipe-clay. 

Silica. 

605 

64-1 

58*7 

Alumina. 

83-7 

23 1 

82*0 

Water. 

11*2 

10*0 

12*1 

Oxide of iron .... 

1-8 

1*8 

1*4 

Lime. 

• •• 

• • • 

0*4 

Magnesia. 

Fo&h 1 

Soda 1 ' 

0-8 

0*9 



99-9 

99*9 

99*6 


TT 


The silicate of alumina also constitutes tlje chief portion of several 
other very important mineral substances, among which may be mentioned 
elate, fuller^e earth, and pumice-stone. Marl is clay containing a consider¬ 
able quantity of carbonate of Ume. Loam is also an impure variety of 
clay. The different varieties of ochre, as well as tmber and eieniiia, are 
simply clays coloured by the oxides of iron and manganese. 
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HAKUFACTUBE OT ALUM. 


' Aiitnc, whiduis 1ih.e chief compound of alommnm employed in the arts, 
id always obtained either from clay or slate, but there are several processes 
by -which it may be TnannfftAtnrfld. 

The simplest process is that in which pipe-clay, or some other clay con¬ 
taining very little iron, is calcined, ground to powder, and heated on the 
hearth of a reverberatory furnace with half its weight of sulphuric acid, 
until it becomes a stiff paste, which is then exposed to air for several 
weeks. During this time the alumina of the clay enters into combination 
•with the sulphuric acid to form sulphate of alumina, which may be ob¬ 
tained by washing the mass with water, when the stilphate of alumina 
dissolves, and the undissolved silicic acid (still retaining a portion of the 
alumina) is loft. When the solution containing the sulphate of alumina 
is evaporated to a syrupy consistence and allowed to cool, it solidifies into 
a white crystalline mass, which is used by dyers irnder the erroneous 
name of concentrated alum, or cake-alum, and contains about 47‘5 per cent, 
of the dry salt. Tlie sulphate of alumina can be obtained in crys¬ 
tals containing Al,03.3S03.18Aq., but there is considerable diflBculty in 
obtaining these crystals on account of the extreme solubility of the salt. 
It is on account of this circumstance that the sulphate of alumina is 
usually converted into alum, which admits of very easy crystallisation 
and purification. In order to transform the sulphate of alumina into 
alum, its solution is mixed with sulphate of potash, when, by suitable 
evaporation, beautiful octahedral crystals are obtained, having the compo¬ 
sition Alj0j.3S03,Kj50.S0s.24Aq. 

Alum is more commonly prepared from the mineral termed ahm-eliah, 
which contains silicate of alumina, together with a considerable quantity 
of finely divided iron pyrites and some bituminous matter. This shale 
is coarsely broken up, and built into long pyramidal heaps, together with 
alternate layers of coal, unless the shale should happen to contain a suffi¬ 
cient amount of bitumen. These heaps are set fire to in several places, 
and are partly smothered with spent oi*e in order to prevent too great a 
rise of temperature. During this slow roasting of the heap, the iron 
pyrites (I'eS^) loses half its sulphur, which is converted by burning into 
sulphurous acid (SO 2 ), and this, in contact with the porous shale and the 
atmospheric oxygen, becomes converted into sulphuric acid (p. 202). 
This latter acid combines with the alumina to produce sulphate of alumina. 
The roasted heap is then allowed to remain for some months exposed to 
the air, and moistened from time to time, in order to promote the absorp¬ 
tion of oxygen b/the sulphide of iron (FeS), and its conversion into sul¬ 
phate of iron (FeO.SOg). The heap is afterwards lixiviated with water, 
which dissolves out the sulphates of alumina and iron, together with some 
sulphate of magnesia, which has also been formed in the process. When 
this crude alum liquor is evaporated to a certain extent, a large quantity 
of sulphate of iron (green vitriol) crystallises out, and the liquid &om 
which these crystals have separated is then mixed -with so much solu¬ 
tion of chloride of potassium as a preliminary experiment has shown to 
be necessary to yield the largest amormt of alum. The chloride of potas¬ 
sium is obtained as soap-boiler’s waste, and as the refuse from saltpetre 
refineries and glass-houses. * The sulp^te of iron still left in the solu¬ 
tion is doiomposed by the chloride»of potassium, yielding chloride of 
iron and sulphate of potash, which combines with the sulphate of alumina 
itg form alum. If thm be much sulphate of magnesia in the liquor, it is 
subsequently o|4a£ned in crystals and sent into the market. 
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Where sulphate of ammoiua oau he obtained at a cheap rate (as in the 
neighbourhood of the gas-works), it is very commonly substituted for the 
chloride of potassium, when ammmda-alum is obtained instead oi potato- 
alum, The former is similar in all respects to the latter salt, except that 
it contains the hypothetical metal ammonium (NH^) in place of pot^ium, 
and its formula is, therefore, Aljj 03 . 3 S 03 , (NHJ 2 O.SOg. 24 Aq. 

For all the uses of alum, in dyeing and cali co-printm g. in pa per-maki ng 
and in the manu facture of colo urs, ammonia-alum answers qmte\s well 
as potash-oliun, and hence both these salts are sold under the common 
name of alum. 

These alums are the representatives of an important class of double 
sulphates, composed of a sulphate of one of the alkalies combined with 
the normal sulphate of a sesquioxide. They aU contain 24 molecules of 
water of crystallisation, and their crystalline form is that of the cube or 
octahedron. 

When a solution of alum is mixed with a little solution of carbonate of 
soda, a precipitate of alumina is formed, which rodiasolves when the solu¬ 
tion is stirred. If the addition of carbonate of soda be continued as long 
as the precipitate redissolves when stirred, the salt AlgOg.SOg will remain 
in the solution— 

Aip,.3SO*, Kp.SO,, -f- 2(Na.p.CO.J = A1,0,.S0,, + 

2(Na,0.sb3) + Kp.SOg -e 2CO.,. 

This solution of basic uhnn, as it is called, is decomposed by boiling, 
alumina being deposited and ordinary alum remaining in .solution— 

3(A1,0.,.S0J + K/3.SO, - 2A1,0, + A1,0,.3S()„ Kp.SO^. 

When stuffs are immersed in the solution of basic alum they also with¬ 
draw a portion of alumina, which becomes fixed in their fibre, and serves 
08 a mordant to attract and fix the colouring matter when the stuff is 
transferred to a dye-bath. 

Alumina. —When ammonia-alum is strongly heated, it loses the whole 
of its water, ammonia,* and sulphuric acid, leaving merely a white in¬ 
soluble earthy substiuice which is alumina itself (Alji),), and differs 
widely from the metallic oxides which have been hitherto considered, by 
the feebly basic chaiactcr which it exhibits. Not only is alumina des¬ 
titute of alkaline i)ro|)erties, but it is not even capable of entirely lieu- 
tralising the acids, and hence both sulxihate of alumina and alum are 
exceedingly acid salts. 

Pure crystallised alumina is foimd in nature as the mineral corundum, 
distinguished by its extreme hardness, in which it ranks next to the 
diamond. An opaque and impure variety of corundum constitutes the 
very useful substance emery. The mhv and sapphire^ consist of newly 
pure alumina; spindle is a compound of Hffl!gnesia with alumina, 
MgOTAIjOg ; whilst in tlie topaz the alumina is associated with silica 

and fluoride of aluminum. The mineral diaspore is a hydrate of alumina 

■ 

• The great ahsorption and disappearance of heat during the evaporation of the water 
and ammonia from this alum, has Jed to its einplojinent for filling the space Itetween the 
double walls of fire-proof smes, which may become red-hot outside, whilst the inside is 
kept below the scorcuing-point of i»aper. 

T Small crystals of alumina resembling natural sapphire have been obtained by the 
action of vapohr of fiuoride of aluminum upon boracic acid at a high temperature. By 
adding a litw fluoride of clu'ominm, crystals similar to rabies and emeralds have been 
produced. 
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(AljOg,2HjO), 80 named from ito feUing to powdor when heated (Suunnpa, 
dispernon), i' ^ ^ 

The artificially prepared laiiatejrf dujlttaa,i8 charaoterired by its gg^lajaaBl^lfc, 
peacanee. If a bttle alam m dtraoTv^ in warm water, uid some ammonia added 
to the solution, the ammonia will combine with the sulphuric acid, whilst the 
alumina will unite with water to form a semi-transparent gelatinous mass of hydrate 
of alumina (AJ[,0,.SHj0). When washed and dried, it shrinks very much and 
forms a mass resembling gum. The hydrate of alumina has a great attraction for ' 
most colouring matters, with which it forms insoluble compounds called fakes. 
Thus, if a solution of alum be mixed with infusion of logwood, and a little ammonia 
added, the hydrate of alumina will form, with the colouring matter, a purplish-red 
laJce, which may be filtered off, leaving the solution colourless. This property is 
turned to advantage in calico-printing, where the compounds of alumina are largely 
used as mordants. 

Chloride of aluminum .—If the alumina obtained by calcining ammonia- 
alum be intimately fioixed with charcoal, and strongly heated in an earthen 
tube or retort through which a stream of well-dned chlorine is passed, 
the oxygen of the alumina is abstracted by the charcoal, to form carbonic 
oxide, whilst the chlorine combines with the aluminum yielding chloride 
of aluminum (Al,Clg) which passes off in vapour and may he condensed, 
in an appropriate receiver, as a white crystalline solid— 

A1,03 + C 3 + Cl„ = AI 3 CI 3 -f. SCO. 

This formation of the chloride of aluminum is possessed of some in¬ 
terest, as an example of the decomposition of a compound body by the 
co-operation of two elements, neither of which alone would be able to 
decompose the compound; neither carbon nor chloriiie would, alone, 
decompose alumina, however high the temperature, hut when the attraction 
of the carbon for the oxygen is added to that of the chlorine for the alumi¬ 
num, the decomposition is easily effected. 

An impure solution of chloride of aluminum is sold as a disinfectant 
under the name of chlot'alum. 

But this chloride of aluminum also deserves attention as being the source 
from which the metal aluminum may be prepared in large quantities. 

201. Aluminum .—In order to obtain this interesting metal, it is only 
necessary to pass the chl oride of a luminum in the state of vapour over 
heated sodium, which removes the chlorine in the form of chloride of 
sodimn, leaving the aluminum as a wlute malleable meto l about as hard 
as ^c, and fiising at a somewhat lower temperate tfiian silver. For 
the extraction of aluminum upon tlie large scale, the alumina is not pre¬ 
pared from alum, hut from the mineral known as Bauxite, which con¬ 
tains alumina, together with peroxide of iron and silica.* This mineral 
is heated with soda-osh (see p. 264), when carbonic acid escapes, and the 
silica and alumina combine with soda to form silicate of soda, and a 
soluble compound of alumina with soda, which is generally called alumi- 
nate of soda, and has the composition SKa^O. Al^O,. On treating the mass 
with water, on insoluble silicate of alumina and soda is left, whilst the 
aluminate of soda is dissolved, and is obtain^ as an infusible mass when 
the solution is evaj)orated. This alummate of soda is laigely used by 
calico-printers as a mordant. To obtain alumina from it, the solution is 
neutralised with hydrodiloric acid, which converts the sodium into 
chloride, and precipitates the alumina as hydrate of alumina (Al,0,.3^0). 

• This mineral is fnand at Bani^ near Arles, in the south of France, and contains silica 
18 to 17 pca.eeat.* alttmina 60 to w, peroxide of iron 4 to 8, water .15 to 17. 
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As next step towards the prepacation of al uminum, the hydiate of 
alumina is mixed with charcoal and common salt^ made up into halls, 
dried, and strongly heated in earthen cylinders through which dry chlorine 
is passed. The carbon abstracts the oxygen from the alumina, forming 
carbonic oxide, whilst the aluminum combines with the chlorine, and the 
chloride of aluminum so fonued combines with the chloride of sodium, 
and distils over as the double ddoride of aluminum and sodium 
(Al2C1^2NaCl). This salt is then mixed with a proper proportion of 
metallic sodium, and heated in a reverberatory furnace, when the sodium 
combines with the chlorine of the chloride of aluminum, leaving the latter 
metal to separate in a fused state beneath the melted chloride of sodium, 
which protects it from oxidation. The aluminum may be rolled into 
sheets or drawn into wire. Commercial aluminuin has been found to 
contain from 3 to 7*5 per cent, of iron. Silicon is also present in it, as 
much as 14 per cent, having been found in one sample. 

Aluminum is much more sonorous than most other metals. A bar of 
it suspended from a string, and struck with a hammer, emits a clear 
musical sound. It is remarkable as being the lightest metal capable of I 
resisting the action of air even in the presence of moisture. Its specific " 
gravity is 2*5. This lightness renders it valuable for the m anufacture of 
sm all weig hts, such as the grain and its fractions, since these, when madt; 
of aluminum, are more than ^iroe times as large as when made of brass, 
and nearly nine times as large as platinum weights of the same denomina¬ 
tion. It is also employed for ornam ental Piur noses. for though not so 
brilliant as silver, it is not blackened by sulphuretted hydrogen, which so 
easily ati'ects that metal (p. 196). 

Another characteristic featuic of aluminum is its comparative resistance 
to the action of nitric acid even at a boiling heat. No other metal com¬ 
monly met with, except platinum and gold, is capable of resisting the 
action of nitric acid to the same extent. Hydrochloric acid, however, 
which will not attack gold and platinum, dissolves aluminum with &ci- 
lity, converting it into chloride of aluminum, with disengagement of 
hydrogen; Al, + 6HC1 = Al.,Cl^ + H^. Solutions of potash and soda 
alM easily dissolve it, forming the so-c«uled aluminates of those alkalies; 
thus 3(Nag0.H,0) + Al^ = SNajO.Al^O^ + H^. Even when very strongly / 
heated in air, aluminum is oxidised to a very slight extent, probablyl 
because the coating of alumina which is formed remains infiisible and! 
protects the metal beneath it. For a similar reason, apparently, aluminumf 
decomposes steam slowly, even at a high temperature. 

When aluminum is fused with nine times its weight of copper, it forms i 
mi alloy very similar to gold in appearance, but almost as strong as iron. 
This alloy was singly recommended to replace gold for ornamental pur¬ 
poses, but it does not retain its brilliancy so completely as that metal. ♦ 
Alnmiii nTn does not unite with mercury or with melted lead, both of which 
are capable of dissolving nearly all other metals. 

202. Mineral silicates o/Many of the chemical formid® of 
minerals, which contain silicates of aliunina associated with the silicate 
of other metallic oxides, are complicated, from the circumstance that a {Mrt 
of tbee aluminum is often replaced by iron, which, in the form of sesqui* 
oxide (Fe,Og), is isomorphous with it, and therefore capable of replacing 
it without mtering the carystalline form and genend chsuaoter of the 
mineral. In a similar maoner, the other metals present in the mineral 

X 
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may be exchanged for iaonnarphona representatives; thus there are two 
well-hnown feldspars, potash-feldspar (^orthodme) and soda-feldspar 
^lbife)f having the formulae KgO.AljOg.6SiOj, and Ka^O-Al^OyOSiOj. 
^ese minerals are sometimes mingled in one and the same crystal 
ijpotashrdlhiie or pericKne) without bearing any definite equivalent pro¬ 
portion to each other j the formula of such a mineral would be written 
(KNa),O.Al,Oa6SiO,. 

Ponphyry h^ the same chemical composition as feldspar. 

Mim, is composed essentially of magnesia, alumina, and silica 
( 4 Mg 0 .Alj 03 . 4 Si 0 j), but part of the magnesium is so constantly re¬ 
placed by potassium and iron (as protoxide), and part of the aluminum 
by iron (as sesquioxide), that the general formula for mica must be written 
4(K,MgFe)0.(AlFe),0,.4Si0.. 

Gurnet is essentia^y a double silicate of alumina and lime, but often 
contains magnesium, iron, or manganese, replacing part of the calcium, 
and iron replacing part of the aluminum, being written— 

3 (CaMgFeMn) 0 .(AlFe), 03 . 3 Si 0 s. 

This mineral is sometimes formed artificially in the slag of the iron blast¬ 
furnaces. 

Chlorite, a very important variety of rock, is a double silicate of alumina 
and magnesia, with variations as expressed by the formula— 

4 (MgFe) 0 .(AlFe), 03 . 2 Si 0 a. 3 H ,0 . 

Basalt is a feldspathic rock containing crystals of auyite — 

4(CaMgFe)0.5Si0s. 

Gneiss is chemically composed like granite, but the mica is arranged in 
regular layers. Trap rock contains feldspar, together with homUende 
which consists of silicates of alumina, lime, magnesia, and oxide of iron. 
Hornblende is sometimes found replacing the mica in granite, forming the 
rock called symiie. 

Laxns lazuli, the valuable mineral which famishes the natural ultra¬ 
marine used in painting, consists chiefly of silica and alumina, which con¬ 
stitute i^pectively 45 and 32 per cent, of it, but there are also present 
9 per cent, of soda, 6 per cent, of sulphuric acid, about 1 per cent, of sul¬ 
phur, and a somewhat smaller quantity of iron, together with a variable 
proportion of lime. The cause of its blue colour is not understood, since 
uei&er of its predominant constituents is concerned in the production of 
such a colour in other cases. In consequence of the rarity of the mineral, 
the natural ultramarine bears a very high price, but the a^ifidal u ltramari ne 
is manufactured in very largo quantities at a low cost, anJ'Tonns a very 
good imitation./^ On^f the processes for preparing it consists in heating 
to bright redness in a covered crucible, for three or’‘four hours, an inti¬ 
mate mixture of 100 parts of pure white day (kaolin), 100 of dried car¬ 
bonate of soda, 60 of sdphur, and 12 of charco^ This would be expected 
to peld a mixture of silicate of soda, aluminate of soda, and sulphide of 
sodium, the two first being white, and the latter yellow or brown, but the 
mass is found to have a green -colour (preen ultramarine). It is finely 
powdered, washed with water, dried, mixed with a fifth of its weight of 
sulphur, and gently roasted in a thin layer rill the sulphur has burnt off, 
this being repeated, with fresh additions of sulphur, until the 
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residue has a fine blue colour. In the opinion of some chemists, the pre¬ 
sence of a small proportion of iron is essenHal to the blue colour, while 
others believe tlie colour to be due to sulphide of sodium or hypos^phite 
of soda, or both. Ultramarine is a veiy permanent colour under ordmary 
conditions of exposure to air and light, but acids bleach it at once, with 
separation of gelatinous silica and evolution of sulphuretted hydrogen. 
Blue writing paper is often coloured with ultramarine, so that its colour 
is discharged by acids falling upon it in the laboratory. Chlorine 
also bleaches ultramarine. Starch is often coloured blue with this sub¬ 
stance. // 

PJio^hate of alumina is found naturally in several forms. It occurs 
in lai^e quantities in the West India Islands. Turquoise is a hydrated 
phosphate of alumina (Al,0,.PjOj), owing its colour to the presence of 
oxide of copper.* Wavellite has the composition 3AIP3.2 P,Ob. JTone 
of the earlier analysts detected the phosphoric acid in this miner^, on ac¬ 
count of the difficulty in separating it from the alumina, so that even 
in comparatively modem chemical works, it is described as a hydrate of 
alumina. 


Glucinum. 

Gl" = 9*5 parts by weight. 

203. This comparatively rare metal (which derives its name from the sweet taste of 
its salt^ yKvwt, meet) is found associated with silica and alumina in the emerald, 
which is a double silicate of alumina and glncina, Als 08 .SSi 02 , 3(G10.Si0,h and 
fmpears to owe its colour to the presence of a minute quantity of oxide of chromhm. 
The more common mineral beryl has a similar composition, but is of a paler green 
colour, apparently caused by protoxide of iron. Vhrysoberyl consists of glncina and 
alumina, mso coloured by iron. The earlier analysts of these minerals mistook the 
glncina for alumina, which it resembles in forming a gelatinous precipitate on add¬ 
ing ammonia to its solutions, but it is a stronger base than alumina, and is there¬ 
fore capable of displacing ammonia from its salts, and of being dissolved by them. 
Carbonate of ammonia is employed to separate the glncina from alumina, since it dis¬ 
solves the glncina in the cold, forming a double carbonate of glncina and ammonia, 
from which the carbonate of glncina is precipitated on boiling. Olucina (GIO) is 
intermediate in proiierties betw*een alumina and magnesia, resemblmg the latter in 
its tendency to absorb carbonic acid from the air, and to form soluble double salts 
with the salts of ammonia, and so much resembling ahuniua in the gelatinous form 
of its hydrate, its solubility in alkalies, and the sweet astringent taste of its salts, 
that it was formerly n'garded as a sesemioxide like alumina. 

The metal itself is very similar to aluminum. * 

204. Thouinum is present in a rare Norwegian miner^ thorite, where it is asso¬ 
ciated with silica, lime, magnesia, and other metallic oxides. The metal itself is 
similar to aluminum, hut its oxide thorina appears to bo a protoxide (ThO), and 
differs fttim alumina and glucina in being iasoluble in the alkalies ({mtosh, for 
example), though it dissolves in carbonate of potash. Moreover, the sulj>hate of 
fJunina is spamgly soluble in hot water, so tuat it is precipitated on boiling its 
solution. 

206. Yttrium and erbium are very rare metals found in gadolimte, a mineral 
silicate occurring at Ytterhy in Sweoen, and containing beside these, glucinura, 
ca rintn , and iron. Their oxides yttria (YO) and erbia resemble thorina in being 
insoluble in the ^kalies, but soluWe in their carbonates; yttria is white, but erbia 
has a yellow colour. The salts of yttria and erbia are colourless. 

206. Cerium is also found in gadolinite, but more abundantly in cerite, which is 
essentially a Plicate of cerium. Phosphate of cerium (eryptoUte) has also been found 
in brown apatite. This metal has been employed medicinally, in the form of oxalate 

* False or bone turquoise is fossil ivory, owing its colour to the presence of the natural 
blue phosphate of iron. 
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of cerium (0e0.C,0a.8H|0. It forms two basic oxides, CeO, which is white, end 
forms coloarless suts, and Ce(0.,» which is yellow, and gives ydlow or red salt^ In 
this respect, cerium more near^ resembles iron than alnminm. These omdes of 
cerium are insoluble in ^e alkaues; the protoxide is easily precipitated from its salts 
by oxalie acid in the form of the oxalate mentioned above. Sesquioxide of cmium 
.does not appear to form a corresponding chloride, but yields protochloride of cerium 
and free chlorine when heated with hydrochloric acid. 

Lakthakium (from Ktu/iw, to escape notice) is also found in eerite, but it differs 
from cerium in forming only one oxide, which is white in the hydrated, but buff in 
the anhydrous state. When a mixture of nitrates of cerium and knthanium is cal¬ 
cined, sesquioxide of cerium and oxide of lanthanium are left, and may be separated 
by treatment with nitric acid, diluted with 100 parts of water, which dissolves only 
the latter. 

DinvHiuM twin) is very similar to lanthanium, which is associated with it 

in eerite. It also forms bat one oxide, which is violet when hydrated, and brown 
when anhydrous. It is insolnble in potash. The salts of didyminm are either pink 
or violet 


207. Zirconium exisbs in the rare minerals zircon and hyacinth, in which its oxide 
zirconia (ZrO.) is combined with silicic acid. Zirconia is somewhat similar to 
alumina, but is insoluble in potash, and dissolves in carbonate of potash. Its sul¬ 
phate, moreover, is decomposed by boiling with sulphate of potash, which removes 
part of the sulphuric acid, forming bisulphate of potash, and precipitates basic 
sulphate of zirconia. Metallic zirconium somewhat resembles amorphous silicon, 
but it decomposes water slowly at the boiling point, and has not Ix^en hised. 


ZINC. 

Zn" = 65 parts by weight. 

208. Zinc occupies a high position among useful metals, being peculiarly 
fitted, on account of its lightness , for the construction of gutters, water- 
pipes, and roofs of buildings, and possessing for these purposes a great 
advantage over lead, since the specific gravity of the latter metal is about 
11 "5, whilst that of zinc is only 6‘9. For such applications as these, where 
great strength is not required, zinc is preferable to iron, on account of its 
s uperi or malleah^ity ; for although a bar oT rihe ^breaks under the ham¬ 
mer at* the brilihary temperature, it becomes so mailable at 250® F as to 
admit of being roUed into thin sheets. This malleability of zinc when 
heat^ was discovered only in the commencement of this century, until 
which time the only use of the metal was in the manufacture of brass. 
When zinc is heated to 400° F., it again hecomos brittle. The easy 
fusibility of zinc also gives it a great advantage over iron, as rendering it 
easy to be cast into any desired form; indeed, zinc is surpassed in 
fusibility (among the metals in ordinary use) only by tin and lead, its 
melting point being below a red heat, and usually estimated at 770® F. 
Zinc is also less liable than iron to corrosion under the influence of moist 
air, for although a bright sur&ce of zinc soon tarnishes vdien exposed to 
the air, it merely becomes covered with a thin film of oxide of zinc (pass¬ 
ing gradually into basi c carbonat e, by absorption of carbonic acid from the 
air) which protects t)ie metal from farther action. 

llie great strength of iron has been ingeniously combined with the 
durability of zinc, in the so-called galvanised iron, which is made by coat¬ 
ing clean iron with mdted zinc, thus affording a protection much ne^ed 
in and around large towns, where the sulphurous and sulphuric acids 
arising from the combustion of coal, and the acid emanations from various 
factories, greatly accelerate the corrosbn of unprotected iron. The iron 
plat^ to be cor^d are first thoroughly cleanse^by a process which will be 
%Uore particularly nptided in the manufacturd^f tin-plate, and are then 
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dipped into a veBsel of melt ed ziac. the eorfaoe of which is coated wiUi 
sal-iuamoniac (hydrochlorate of ammonia) in oxder to diraolve the oxide 
of zinc which foims upon the surface of the melted metal, and might 
adhere to the iron plate so as to prevent its becoming uniformly coated 
with the zinc.* A more firmly adherent coating of zinc is obtamed by 
first depositing a thin film of tin up on t he surface of the iron p late by 
galvanic action, and hence the name of galmniaed iron. 

The ores of zinc are found pretty abundantly in England, chiefly in the 
Mendip Hills in Somersetshire, at Alston Moor in Cumberland, in Corn¬ 
wall and Derbyshire, but the greater part of the zinc used in this country 
is imported from Belgium and Germany, being derived flom the ores of 
Transylvania, Hungary, and Silesia. 

Metallic zinc is never mot with in nature. Its chief ores are calamine 
or carbonate of zinc (ZnO.CO,), hleitde or sulphide of zinc (Z:^), and 
red zinc ore^ in which oxide of zinc (ZnO) is associated with the oxides 
of iron and manganese. 

Calamine is so called from its tendency to form masses resembling a 
bundle of reeds {calamus, a reed). It is found in considerable quantities 
in Somersetshire, Cumberland, and Derbyshire. A compound of car¬ 
bonate with hydrate of zinc, ZnO.CO,, 2(Zn0.H20) is found abundantly 
in Spain. The mineral known as electric calamine is a silicate of zinc 
( 2 Zn 0 .Si 03 .H, 0 ). Blende derives its name from the German hlenden, 
to dazzle, in mlusion to the brilliancy of its crystals, which are gene¬ 
rally almost black from the presence of sulphide of iron, the true colour 
of pure sulphide of zinc being white. Blende is found in Cornwall, Cum-^ 
berland, Derbyshire, Wales, and the Isle of Man, and is generally associated, 
with galena or sulphide of load, which is always carefully picked out of the ‘ 
ore before smelting it, since it would become converted into oxide of lead, 
which corrodes the earthen crucibles employed in the process. 

In England, the extraction of zinc from its ores is carried on chiefly at 
Swansea, Birmingham, and SheflSeld. Before extracting the metal from 
these ores, they are subjected to a preliminary treatment which brings 
them both to the condition of pxide of zina For this purpose the 
mine is simply calcined in a reverberatory furnace, in order to expel^tfie 
carbonic acid; but the blende is roasted for ten or twelve hours, with con¬ 
stant stirring, so as to expose fresh surfaces to the air, when the sulphur 
passes off in the form of sulphurous acid, and its place is taken by the 
oxygen, the ZuS becoming ZnO. The extinction of the metal from this 
-oxide of zinc depends upon the circumstance that zinc jU ^pable of b eing 
tUntiHfld at a bright red heat, its boiling point being 1904'' E. ' 

The facility wEitcE^this metal passes off in the form of vapour is 
seen when it is melted in a ladle over a brisk fire, for at a bright red heat 
abundance of vapour rises from it, which, taking fire in the air, bums with 
a brilliant greenish white light, throwing off into the air numerous white 
flakes of light oxide of zinc (the philosopher’s wool, or nil alhurn of the 
old chemists). 

The distillation of zinc may be effected on the small scale in a black-lead crucible ‘ 
(A flic. 241) about 6 inches high and 8 in diameter. A hole is drilled through the 
bottom with a round file, and mto tiiis is fitted a piece of wrought-iron aas-ptpe (B) 
about»inches long and 1 inch wide, so as to reach nearly to the top of the inside of 

f * The sal-ammoniac acts upon the heatwi zinc woording to the emiatton, Zn 4- 
; 2(NH,.HCl) s= ZnCL + 2NH, + H„ and the chloride of uno which is formed dissolves the 
oxide from the snrfece of the metal, producing an oxychloride of zinc. . 
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the crndble. Amy crevicea between the pipe and the sides of the hole are carefnlly 
stopped np with fiw-elay mois tened wi th solution of bor^ A fw ounces of amc 
are introduce into tne cnicioie, the^ (iover of Is tnen carefuny cemented on 
with fire-clay (a little borax being tdded to bind it togethm at a hi^ l^peratiire), 
and the hole in the cover is stopped up with fire-clay. The c^cible^ haying been 
kept for several bouts in a warm place, so that the clay may dry, it w placed in a 
cylindrical fnmace with a hole at the bottom, through which the iron mpe may pass, 
and a lateral opening into which is inserted an iron tube (C) connected ^ rorge 
bellows. Some lighted charcoal is thrown into the furnace, and when thw has 
blown into a blaze, the fnmace is filled up with coke broken into small pieces. The 
fire is then blown till the zinc distils freely into a vessel of water placed for its re^>^ 
tion. Four ounces of zinc may be easily distilled in half-an-hour, , i v.- 

V ,^5-/ 



Fig. 241.—Distillation of zinc. 


Fig. 242.—English zinc furnace. 


English rmthod of extracting zinc .—The oxide of zinc, obtained as above 
from calamine or blende, is mixed with about half its weight of Qok§, or 
anthracite coa L This mixture is introduced into large crucibles (fig. 242) 
with a hole in the bottom, through which passes a short wide iron pipe 
destined for the passage of the vapour of zinc. These crucibles are about 
4 feet high by 2^ feet wide. Some largo pieces of coke are first intro¬ 
duced into them to prevent the charge from passing into the iron pipes, 
and when they have been charged with the above mixture, their covers 
are cemented on, and they are heated in furnaces somewhat resembling 
those of a glass-house, each furnace receiving six crucibles, which gene¬ 
rally contain, in all,, one ton of roasted ore. When the mixture in the 
crucibles is heated to redness, it begins to evolve carbonic oxide, pro¬ 
duced by the combination of the carbon with the oxygen from the oxide 
of zinc. This gas burns with a blue flame at the mouth of the iron pipe; 
but at a bright red beat the metallic sine which has been thus liberated 
is converted into vapour, and the gre enish-wlut e flame of burning zinc 
is perceived at tke orifice. When this is the^e, about 8 feet of iron 
pipe are joined on to the short piece, in order to condense the vapour of 
zinc, which falls into a vessel placed for its reception. The distillation 
occupies about flivew^e yield is about 36 parts of 

from 100 of ore, a considerable quantity of zinc being left behind 
^the forin of siiicBte of zinc (electric calamine), which is not reduced 
% distillation ^th carbon. 
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Fig. 243.—Belgian 
zinc furnace. 


The zinc thus obtained, howev«ar, is mixed mth a considerable quantity 
of oxide of zinc, and with other foreign matters carried over ficom the 
crucibles. It is, therefore, again melted in a large iron pan, and allowed 
to rest, in order that the dross may rise to the surface ; this is skimmed 
off, to be worked over again in a fresh operation, and the metal is 
into in gotSy which are sent into commerce under the name of epelter. - 

Belgian proceee for the extraction of zinc .—At the Yieille-Montagne 
works, near Li^ge, calamine is exposed to the rain for several months in 
order to wash out the clay; it is then calcined to 
expel the water and carbonic acid, the oxide of zinc so 
obtained being mixed with half its weight of coal dust, 
and distilled in fire-clay cylinders (C, fig. 243), hold¬ 
ing about 40 lbs. each, and"seTin seven tiers of six 
each in the same furnace, the vapour of zinc being con¬ 
veyed by a short conical iron pipe (B) into a conical 
iron receiver (D), which is emptied every two hours 
into a large ladle, from which the zinc is poured into 
ingot-moulds. Each distillation occupies about twelve 
hours. The advantage of this particular mode of 
arranging the cylintt^ is, that it economises fuel by 
allowing the poorer ores, which require less h^t to 
distil all the zinc from them, to he introduced into the 
upper rows of cylinders farthest from the fire (A). There 
are two varieties of Belgian ore, one containing 33 and 
the other 46 jjer cent, of zinc, but a large proportion of 
this is in the form of silicate, which is not extracted by tbe distillation. 

SUesinn process for extracting zinc .—In Silesia, the oxide of zinc 
obtained by the calbination of calamine is mixed with fine cinders, and 
distilled in arched earthen retorts (A, fig. 244), into which the charge is 
introduced through a small 
door (11), which is then 
cemented up. These re¬ 
torts are arranged in a 
double row in the same 
furnace (fig. 245), and the 
vapour of zinc is condensed 
in a bent enrthenwaro pipe »tfcacJied»|o each retort, and having an open- 
ing (C) near the bend, ^ " 

whicn is kept closed, un¬ 
less it is necessary to clear 
out the pipe. In regard 
to the consumption of 
fud, this process is far 
more economical than that 
followed in tliis country. 

The Silesian zinc is ro- 
melted, before casting into 
ingots, in clay instead of 
iron pots, since melted 
zinc always dissolves iron, 

and a very small quantity of that metal is found to injure rinewhen 
required for rolling into sheets. 

A small quantity of lead always distils oter together with the dme* 



Fig. 244. 



245. -Silesioa zinc fomace. 
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and linee this metal also intexferes vith the rolling of zinc into sheets, 

; a portion of it is separated from zinc intended for this purpose, by melt* 

I ing the spelter, in large quantity, upon the hearth of a revCTberatory 
I furnace, the bed of wMch is inclined so as to form a deep cavity at the 
> mid nearest the chimney. The specific gravity of lead being 11*4, 

I whilst that of zinc is 6*9, the former accumulates chiefly at the bottom 
tof the cavity, and the ingots cast from the upper part of the melted zinc 
I will contain but little lead, since zinc is not able to dissolve more than 
il*2 per cent, of that metaL 

Ingots of zinc, when broken across, exhibit a beautiful crystalline frac¬ 
ture, which, taken in conjunction with the bluish colour of the metal, 
enables it to be easily identified* 

The spelter of commerce is liable to contain lead, iron, tin, antimony, 
arsenic, copper, and cadmium. Belgmn zinc is usually purer than the 
English me^ 

Zinc being easily dissolved by diluted acids, it is necessary to be care¬ 
ful in employing this metal for culinary purposes, since its soluble salts 
are poisonous. 

! It will be remembered that the action of diluted sulphuric acid upon 
1 zinc is employed for the preparation of hydrogen. Pure zinc, however, 

1 evolves hydrogen very slowly, since it becomes covered with a number of 
I hydrogen bubbles which protect it from further action; but if a piece of 
i copper or platinum be made to touch the zinc beneath the acid, these 
‘ metals, being electronegative towards the zinc, will attmet the electroposi- 
I tive hydrogen, leaving the zinc free from bubbles and exposed on all 
! points to the action of the acid, so that a continuous disengagement of 
' hydrogen is maintained. As a curious illustration of this, a thin sheet of 
platinum or silver foil may be shown to sink in diluted sulphuric acid, 
until it comes in contact with a piece of zinc, when the bubbles of hydro¬ 
gen bring it up to the surface. The lead, iron, &c., met with in commer¬ 
cial zinc, are electronegative to the zinc, and thus serve to maintain a con¬ 
stant evolution of hydrogen. 

A coating of metallic rinc may be deposited upon copper by slow gal¬ 
vanic action, if the copper be immer^ in a concentrated solution of 
potash, at the boiling point of water, in contact with metallic zinc, when 
a portion of the latter is dissolved in the form of oxide, with evolution of 
hydrogen, and is afterwards precip|ftted on the surface of the electro¬ 
negative copper. ^ 

Oxide of zinc (ZnO).—Zinc forms but onMKide, which is known in 
commerce as zme-tohiUt and is prepared bwjlBowing the vapour of the 
metal to bum in earthen chambers throu^^vhich a current of air is 
. maintained. This zinc-white is sometimes used for painting in place of 
I ^ hlte lead (carbon^ of lead), over which it has the advantages of not 
1 injurtbig the h^th of "the persons using it, and of being unt^ected by 
I sulphuretted hydrogen, an important consideration in manufacturing towns 
Where that substance is so abundantly supplied to the atmosphere. Un¬ 
fortunately, however, the o xide o f zing^does not co mbi n e w ith th e oil of 
the ptdn t. as oxide of .lead ^oei^anH^e painC m coh^uimHy mors liable 

I to peel off. The o^de of zinc has the characteristic property of becoming 
yellow when heated, and white again as it cools. . It is sometimes used 
in the manufacture of glass for optical l^tuqmses. y 

Oxide of zinc forms a soluble compound with jpotash, in this respect 
lasemlfling alumina, and therefore metallic zinc, like aluminum, is dis- 
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Bolved by boiling with solution of potash, hydrogen being disengaged 
from the water, the oxygen of which combines with the zinc. 

The mlfhate of zinc or white vitriol, whidi is employed in medicine, 
and more extensively in calico-printing, is prepared by roasting blende 
(sulphide of zinc, ZnS) at a low temperature, when both its elements com¬ 
bine with oxygen, the oxide of zinc and sulphuric acid thus produced 
remaining in combination as sulphate of oxide of zinc (ZnO.SO,). After 
roasting, the mass is treated with water, which dissolves the sulphate, and 
yields it a^n, on evaporation, in prismatic crystals having the formula 
Zn0.S0,.H,0.6Aq. 

Chloride of zinc ( ZnCLL prepared by dissolving zinc in hydrochloric 
acid, is known in commerce as Bwmetf^ dwi.'n. fe.rling fini d. since it is 
capable of abggzjyfig hydrosulphunc acid, ammonia, and other offensive'^' 
pr^ucts of puireiaction, 'andaixests the delSOT^sition or ^pod and 
animal substancM." ‘“‘By evaporating its solution, the cMoiide of zinc is 
obtuned in a fused state, and solidifies on cdbling into white deliquescent 
masses. It has a very powerful attraction for water. 

CADMIUM. 

Cd"=112 parts by weight.* 

209. This metal is found in small quantities in the ores of zinc, its 
presence being indicated during the extraction of that metal (p. 294) by 
the appearance of a brown flame {brown blaze) at the commencement of 
the distillation, before the characteristic zinc-flame is seen at the orifice 
of the iron tube. Cadmium is more easily vaporised than zinc, boiling 
at 1580° F., so that the bulk of it is found in the first portions of the 
distilled metal. If the mixture of cadmium and zinc be dissolved 
in dilated sulphuric acid, and the solution treated with hydrosulphuric 
acid gas, a bright yellow precipitate of sulphide of cadmium (CdS) is 
obtained, which is employed in painting under the name of cadmia. By 
dissolving this in strong hydrochloric acid and adding carbonate of 
ammonia, the carbonate of cadmium (CdO.COJ is precipitated, from 
which metallic cadmium may be extracted by distillation with charcoaL 

Although resembling zinc in its volatility and its chemical relations, in 
appearance it is much more similar to tin, and emits a cracking sound 
like that metal when bent. Like tin, also, it is mailable and ductile at 
the ordinary temperature, and beedt^es brittle at about 180° F. It is 
as fusible as tin, becoming liquid at 442° F., so that it is useful for 
Tnalfing fusible aUoys. An alloy of 3 parts of cadmium with 15 of bis¬ 
muth, 8 of lead, and 4 of tin, fuses at 140° F. In its behaviour with 
acids and alkalies cadmium is similar to zinc, but the metal is easily dis¬ 
tinguished from all others by its yielding a characteristic chestnut-brown 
oxide when heated in air. This oxide (CdO) is the only oxide of cadmium. 

The iodide of cadmium (Cdl,), obtained by the action of iodine upon 
the metal in the presence of water, is employed in photography. 

InniTTM is the name of a metal which has recently been discovered, with the help 
of the spectroscope, in a specinq^n of blende from Freiberg. Its name refers to an 
indigo blue line in the spectrum. The examination of the metal is as yet imperf^ 
butit is white, malleable, and dissolves, like zinc and cadmium, in hydrocUonc acid. 
Its specific gravity is 7*36. To extract indium^ from the Freiberg zinc, the metal is 

* 112 parts by weight of cadmium, when converted into vapour, occupy tioiee the 
volume of one part by weight of hydrogen, making it appear that its atomic weight should 
be 66, but the specim heat of cadmium, as well aa its general chemical relations, favour 
the view that it is a di-atomic metal like zinc, its atomic weight being 112. 
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boM vitii dilute enlphuric acid, employed in such quanti^ as to leave part the 
ziac uudissolved, togetW mdiom and lead. The reaidao is dissolved in nitiic 
acid, the lead and CMmimn precipitated by hydrosalphuric acid, the latter expelled 
hy hoilin^and the oxide of indium precipitated from the solution by carbonate trf 
baiyla. when this precipitate is dissolved in hydrochloric acid, and excess of 
ammonia added, the white hydrated oxide of indium is precipitated, and may be 
reduced by heating iu hydrogen. 

At a bright red heat it bums with a violet blue flame, yielduig a yellow oxide of 
indium, .InO. 

The atomic weight of indium appears to be about 72. 

210. Uranium. —This is a rare metal, never employed in the metallic state, but 
in the form of sesquioxide (U, 03 ) and black oude (flUO.U^i), for imparting 
yellow and black colours resp^tively to glass and porcelain. The chief source of 
these compounds is the mineral jpiixSi-bUnde, which contains a large proportion of 
black oxide of uranium, together with silica, iron, copper, lead, and arsenic. In its 
chemical relations uranium presents some similarity to iron and manganese. It 
forms two distinct oxides, UO and UgO,, of which the former is decidedly buic, 
whilst the latter is capable of acting both as an acid and a base. The bright 
greenish'Vellow colour of the salts of the s^uioxide of uranium is characteristic of 
the metal, and glass coloured with this oxide exhibits the remarkable optical effect 
of fluorescence in a very high degree. 


IRON. 

Fe"=66 parts by weight. 

211. TMs most useful of all metals is one of those most widely and 
abimdantly diffused in nature. It is to be found in nearly all forms of 
rock, cl^, sand, and earth, its presence in these being commonly indi¬ 
cated by their colours, for iron is the commonest of natural mineral 
colouring ingredients. It is also found, though in small proportion, in 
p^^jats, and in larger quantity in the bodies of animals, especially in the 
blood, which contains about 0*5 per cent, of iron m very intimate associ¬ 
ation with its colouring matter: 

f But iron is very rarely found in the metallic state in nature, being 
almost invariably combined either with oxygen or s ulphu r. 

Metallic iron is met with, ho^Yever, in meteorites or metallic masses, 
.sometimes of enormous size, and of unknown origin, which occasionally 
fall upon the earth. Of these iron is the chief component, but there are 
also generally present, cobalt, nickel, chromium, manganese, copper, tin, 
magnesium, carbon, phosphorus, and sulphur. 

The chief forms of combination in which iron is found in sufficient 
abundance to render them available as sources of the metal, are shown in 
the following table:— 

Ores of Tron. 


CommoB Name. 

Chemical Name. 

CompoaitioQ. 

Magnetic iron ore 

Protosesquioxide of iron 


Red haematite 

Sesquioxide of iron 

FojOg 

Specular iron 

99 


Brown haematite 

Hydrated sesqnioxiilf 

2Fej0,.8H,0 

Spadhic iron ore 

Carbonate of iron 

FeO.OOj. 

Clay iron-stone 

Carbonate of iron With clay 


Blackhand 

i Carbonate of iron with day and 
( bitaminoos matter 


Iron pyrites 

Bisulphide of iron 

FeSg 
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These dies axe l^oquentiy ajeisociated>with extraneous minen^, some of 
the constituents of which ure productive (xf injury to the quality of the 
iron. It is worthy of notice that scarcely one of the ores of iron is 
entirely &ee from su^ur and phosp^rus, substances which will be seen 
to have a very seriodirmfluence on IBS' quality of the iron extracted firoml 
them, and the presence of which increases the difficulty of obtaining thef 
metal in a marketable condition, • 

. The following table illustrates the general composition of the most 
important Engl^h ores of iron, with reference to the proportions of iron, 
and of those substances which mateiially influence the character of the 
iron extracted from the ore, viz., manganese (present as oxide or car¬ 
bonate), phosphorus (present as phosphoric acid), and sulphur (present as 
bisulpMde of iron). The maximum and minimum quantites found in 
each ore are specifled. 


British Iron Ores* 


In 100 partR. 


Clay iron.<tone from coal measures. 
Clay Iron-stone from ttie lias, 

' Brown hematite, . . . . 

Red tuemattto, 

Spathic OTO, . 

Magnetic ore. 



From this table it will be gathered that, among the most abundant of 
the iron ore^. of this country, reii haematite is the richest and purest, 
whilst'Clie brown hamatite ofEeir*cS5!am8T6nsidemM 
sulphur and phosphorus, and the spathic ore, though containing little 
sulphur and phosphorus, often contains much manganese. 

The argillaceous ores, or clay iron-stones, found in the lias, contain more 
phosphoric acid than those from the coal-measures; and these latter, as a 
general rule, contain more sulphur (pyrites) than the former, although the 
maximum in the table does not show this. 

Clay irmi-Mone is the ore from which the hugest quantity of iron is j 
extracted in England, since it is found abundantly in the coal-measures; 
of Staffordshire, Shropshire, and South Wales, and it is a circumstance 
of great importance in the economy of English iron-smelting, that the\ 
coal and lime-stone required in the smelting process, and even the fire-clay \ 
employed in the construction of the furnace, are found in the immediate j 
vicinity of the ore. 

Blmkhand is the clay iron-stone found in the coal-fields of Scotiand, 
and often contains between 20 and 30 per cent, of bituminous matter, 
which contributes to the ecSnomy of fuel in smelting it. 

R&d hematite (Fe^a) is the most characteristic of the ores of iron, 
occurring in hard sinning rounded masses, with a peculiar fibrous structure 
and a dark red-brown colour, whence the ore derives its name (oqta, hhod). 
It is found in considfliroble quantities in liancashire and Qomwall, but 


• This table has been compiled from the analyses given in “ Percy on Iron and SteeL" 















3^ OSBS OF IKON. 

unfoiionately its very oom|)aet sixwture is aa oijstaele to its being smeited 
alone, so that it is generally mixed with some clay iron<atone, and hence 
the iron obtained is not so &ee from sulphur and phosphorus as if it were 
extracted from hsemsUte alone. 

Sed ochre is a soft variety of this ore, containing a little clay. 

Broion hoemaUte (2Fe,03,3H,0) is found at JJston Moor (Cumb8^ 
land) and in Durham, but it is more abundant on the Continent, and is 
the source of most of the Belgian and French irons. Pea iron ore and 
yellow ochre are varieties of brown haematite. The Scotch ore which is 
called kidney-form clay iron-stone is really a hydrated sesquioxide of iron. 

Specular iron ore (Fe^Oj) {oligist ore or iron-glance), although of the 
same composition as red haematite, is very different from it in appearance, 
having a steel-grey colour and a brilliant metallic lustre. The island of 
Elba is the chief locality where this ore is found, but it also occurs in 
Germany, France, and Russia. The excellent qualiiy of the iron smelted 
from this ore is due partly to the purity of the ore, and partly to the cir¬ 
cumstance that charcoal, and not coal, is employed in smelting it. 

Magnetic iron ore (FejOJ, of which the loadstone is a variety, has a 
more ginnular structure, and a dark iron-grey colour. It forms moun¬ 
tainous masses in Sweden, and is also found in Russia and Xorth 
America. It is generally smelted with charcoal, and yields an excellent 
iron. Iron sand, a peculiar heavy black sand, of metallic ‘lustre, con¬ 
sists in great measure of the magnetic ore, but contains a very large pro¬ 
portion of titanic acid. It is found abundantly in India, Kova Scotia, 
and New Zealand; but its fine state of division prevents it from being 
largely available as a source of iron. 

Spathic iron ore (FeO.CO,) is found in abundance in Saxony, and 
often contains a considerable quantity of carbonate of manganese, which 
influences the character of the metal extracted from it. 

The oolitic iron ore, occurring in the Northampton oolite, contains both 
hydrated sesquioxide and carbonate of iron, together with clay. 

Iron pyrites (FeSJ is remarkable for its yellow colour, its brilliant 
metallic lustre, and crystalline structure, being generally found either in 
distinct cubic^ or dodecahedral crystals, or in rounded nodules of 
radiated structure. It was formerly disregarded as a source of iron, on 
account of the difficulty of separating the sulphur; but since the demand 
for iron has so largely increased, an inferior quality of the metal has been 
extracted from the residue left after burning the pyrites in the manufac¬ 
ture of oil of vitriol (p. 205), the residue ^ing first well roasted in a 
lime-kiln to remove as much as possible of the sulphur. 

212. Metallurgy of iron. —Iron owes the high position which it occupies 
among useful metds to a combination of valuable qualities not met with 
in any other. Although possessing nearly twice as great tenacity or strength 
as the strongest of the other metals commonly used in the metallic state, 
it is yet one of the lightest, its specific gravity being only 7 ‘ 7 , and is 
therefore particularly well adapted for the construction of bridges and 
large edifices, as well as for ships and carriages. It is the least yield¬ 
ing or mdleable of the metals in comaton use, and can therefore be relied 
upon for affording a rigid support; and yet its ductility, when heated, is 
, such that it admite of being rolled into the thinnest sheets and drawn 
Jbato the wire, the atrmigth of which is so gi^at that a wire of i\fth 
\ iBch in disi^t^ is able to sustom 705 pounds, while a similar wire of 
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copper, wliiclL etands next in order of tenacity, Will not sapport mote 
than 385 pounds. 

Being, with the exception of platinum, the least fosihle of useful metats, 
iron is applicable to the cotistmction of fire-grates and furnaces. Nor are 
its qualifications all depmident upon its physical properties, for it not only 
enters into a great number of compounds which are of the utmost use in 
the arts, but its chemical relations to one of the non-metallic elements, 
carbon, are such, that the addition of a small quantity of this element 
converts it into steel, far surpassing iron in the valuable properties of hard¬ 
ness and elasticity; whilst a larger quantitx.Qf carbon gives rise tq^<- 
iron, the greater fusibility of wmcITpermits it to ^ moulded into ve^ls 


a^'^shapes which could not be produced by forging. 

^ i ■, tK-.', Ivt y/ A--. t ‘it' VA-v^ ^ ‘-SvT 


i/Y 


first 

lining (or rodsiirig) the 
which it cdntiUna 'lo 


■iron-stonef^^Uhe 


A.'4-I Wv M . X'v*- 

213. English process of smelting clay 
towards the extraction of the metal consists in calcining 
ore, in order to expel the water a nd carbonic a cid wh ich“ 
eifect this the ore is built up, together with a certain‘hmouht of qmall 
coal, into long pyramidal heaps, resting upon a foundation of l arge lump s 
of coal; blackbaud often contains so much coal that any further oddStiou 
is unnecessary. These heaps are kindled in several places, and allowed to 
burn slowly until all the fuel is consumed. This, calcination has theefihct 
of rendering the ore more porous, and better fitted for the smelting pro¬ 
cess. If the ore contained much sulphur, a part of it would be expelled 
by the roasting, in the form of sulphurous acid. 

Sometimes the calcination is effected in kilns resembling lime-kilns, 
and it is often tUtogether omitted as a separate process, the expulsion of 
the water and carbonic acid being then effected in the smelting-furnace 
itself as the ore descends. 

The calcined ore is s lnelted in a huge Uast-fumace (fig. 246) about fifty or 
sixty feet high, built ofmassive masonry, and lined internally with fire¬ 
brick. Since it would be impossible to obtain a sufficiently high tem¬ 
perature with the Natural draught of this furnace, air is forced into it 
at the bottom, under a pressure of three or four pounds upon the inch, 
through three tuyhre pipes, the nozzles of which pass through apertures in 
three sides of the furnace. 

It would be very easy to reduce to the metallic state the oxide of iron 
contained in the calcined ore, by simply throwing it into this furnace, 
together with a proper quantity of coal, coke, or charcoal; but the metallic 
iron fuses with so great difficulty, that it is impossible to separate it from 
the clay unless this latter is brought into a liquid state; and even then, the 
fusion of the iron, which is necessary for complete separation, is only 
effected after it has formed a more easily fusible compound with a small 


proportion of carbon derived fiom the fuel 

Now, clay is even moi-o difficult to fuse than iron, so that it is neces¬ 
sary to add, in the smelting of the ore, some substance capable of forming 
with the clay a combination whidi is fusible at the temperature of ihe 
furnace. If clay (silicate o^alumina) be mixed with limestone (carbonate 
of lime), and exposed to a high temperature, the oarboiuo acid is expelled 
from the limestone, and the i^e unites with the clay, forming a double 
silicate of alumina and h'me, which becomes perfectly liquid, and when 
cool, solidifies to a g^hss or dag. The limestone is here said to ackasa 
fiux, because it induces the clay to fow in the liquid state. Ih order, 
therefore, that the day may be readily separated ftmn the metallic ixoa. 
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the caldned oie is mixed with a certain proportion of limestone before 
being introduced into the famace. 

Great care is necessary in first lighting the bhwt-fumace lest the new 
masonry should be cracked by too sudden a rise of temperature, and when 
once lighted, the furnace is kept m constant work for years until in want of 
repair. "V^en the fire has been lighted, the famace is filled up with coke, 



Fig. 246. -Blast-furnace for smelting iron ores. 


and as soon as this has burnt down to some distance below the chimney, a 
layer of the mixture of calcined ore with the requisite proportion of lime¬ 
stone is thrown upon it; over this there is placed another layer of coke, 
then a second layer of the mixture of ore and flux, and so on, in alternate 
layers, until the furnace has been filled up ; when the layers sink down, 
quantities of fuel, ore, and flux ore added, so that the furnace is kept 
constantly full. As the air passes from the tuy6re pipes into the- bottom 
of the famace, it parts withlls oxygen to the carbon of the fuel, which 
it eonverts into carbonic acid (CO,) j the latter, passing over the red-hot 
fuel as it ascends in the furnace, is converted into carbonic oxide (CO) by 
combining with an additional quantity of carbon. It is this flaa-hgTHlff 
. oxide the calcined ore t o themeto llic statST^en it comes 

in contact with it,"8t‘^U ted‘iSieat^1fii ltie^^ ofiihe furnace, for 

carbonic oxide removes the oxygen, at a high temj^ture, frem the oxides 
^ of iron, and. becomes carbonic acid, the iron being left in the metdlic 
state. Bat file iron so redMedT'li^ains disseminate throueh the mass 
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of ore imtil it lias passed down to a part of the furnace which is more 
strongly heateci, where the iron enters into comhination with a small pro¬ 
portion of carbon to form cast-iron, which fuses and runs down into the 
erudhU or cavity for its reception at the bottom of the furnace. At the 
some time, the clay contained in the ore is acted upon by the lime of the 
flux, producing a double sHicate of alumina and lime, which also falls 
in the liquid state into the crucible, where it forms a layer of “slag** 
above the heavier mettd. This sdag, which has five or six times the bulk 
of the iron, is allowed to accumukte in the crucible, and to run over 
its edge down the incline upon which the blast-furnace is built; but 
when a sufficient quantity of cast-iron has collected at the bottom of 
the crucible, it is run out through a hole provided for the purpose, either 
into channels made in a bed of sand, or into iron moulds, where it is cast 
into rough semi-cylindrical masses called pigs, whence cast-iron is also 
spoken of as pig-iron. The temperature of the furnace is, of course 
highest in the immediate neighbourhood of the tuy&res; the reductLon of 
the iron to the metallic state appears to commence at about two-thirds of 
the way do’^ the furnace, the volatilo matters of the ore, fu^and ffUx 
being driven off before this point is reached. 

Some idea may be formed of the immense scale upon which the smelt¬ 
ing of iron ores is carried out, when it is stated that each furnace con¬ 
sumes, in the course of twenty-four hours, about 50 tons of coal, 30 tons 
of ore, 6 inns of limestone, and 100 tons of air. The cast-iron is run off 
from the crucible once or twice in twelve hours, in quantities of five 
or six tons at a time. The average yield of calcined clay iron-stone is 35 
per cent, of iron. 

The gases escaping from the chimney of the blast-furnace are highly 
inflammable, for they contain, beside the nitrogen of the air blown into the 
furnace, a considerable quantity of carbonic oxide and some hydrogen, 
together with the carbonic acid formed by the action of the carbonic oxide 
upon the ora Since the carbonic oxide and hydrogen confer considerable 
heating power upon these gases, they are employed in some iron-works 
for heating steam-boilers, or for calcining the ore, or for raising the tem¬ 
perature of the blast. * 

The composition of the gas issuing* from a hot-hlost furnace (fed with uncoked 
cool) may be judged of from the following table :— 

(las from Plast-Furnacc. , 

65‘SS vols. 

26-97 „ 

6’73 ,, 

7- 77 „ 

8- 76 „ 

0-48 „ 

100-00 „ 

The carbonic oxide, of course, renders these gases highly poisonous, and fatal acci¬ 
dents occasionally happen from this cause. 

Although the bulk of the nitrogen present in the air escapes unchanged from the 
, furnace, it is not improbable that a portion of it contributes to the formation of the 
cyanide of potassium (KON), which is produced in the lower part of tbe furnace, the 
potassium wing furnished by the ashes of the fuel. 

The hot-blaet.—On considering the enormous quantity of air whl^h 
imsses tlu'ongb the blast furnace, it -will be seen that it occasions the lo« 
of a considerable amount of heat. In order to economise the 


kV iSitrogen, . 

f. Carbonic oxide, 

' , Hydrogen, . 

Carbonic acid, 

' V Marsh-gas, . 

. Olehaut-gas, 
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Ua^ furnace* sre fed ivith air of which the temperature is raised to about 
600° F., by passing it through heated irou pipes before allowing it to 
I enter the blast furnace. The higher temperature which is thus attained 
permits ^e use of uncoked coal, which would not have given enough heat 
^ in a cold-blast furnace, and the same quantity of ore may be smelted with 
1 less than half the coal formerly employed. It app^urs, however, that the 
I hot-htaet iron is inferior in quality to that obtained from the same ore in a 
'^old-blast furnace, and this is generally explained by referring to the 
larger quantity of sulphur contained in the raw cord; to the circumstance, 
' that the cast-iron being exposed to a much higher temperature in the hot- 
' blast furnace is more liable to receive and retain a larger amount of foreign 
' substances; and (most important of all) to the custom of extracting iron 
in a hot-blast furnace from slags obtained in the sulmequent processes of 
the iiion-manufacture} which could not be smelted in a cold-blast furnace. 

; slags always contain sulphur and phosphorus, and therefore yield an 
u^rior quality of iron. Hence the distinction commonly drawn between 
mine-iron extracted from the ore without admixture of slags, and einder- 
\non in the preparation of which slag or cinder has been employed. 

The slag from tlm Uad-fumace is essentially a glass composed of a 
< gouble sil ic ate o f alumina and lime, the composition of which varies much 
, according to the imtur^ of the Mrthy matters in the ore, and the com¬ 
position of 'the flux. Its colour is generally opaque white, streaked ^h 
blue, green, or brown. 

The ^ture of the flux employed must, of course, modified accoifding 
to the composition of the earthy substances (or gangue) present in the ore. 
Where this consists of clay (silicate of alumina) the addition of lime 
(which is sometimes added in the form of limestone and sometimes as 
quick-lime) will provide for the formation of the double silicate of alumina 
and lime. But if the iron-ore happened already to contain lim^tone, an 
addition of clay would be necessary, or if quartz were present, consisting 
of silica only, both lime and alumina (in the form of clay) will be neces¬ 
sary as a flux. It is sometimes found economical to employ a mixture of 
ores containing different kinds of gangue, so that one may*serve as a flux 
to the other. If a proper proportion of lime were not added, a portion of 
the oxide of iron would combine wdth the silica and be carried off in the 
slag, but if too large a quantity of lime be employed, it will diminish the 
fusibility of the skg, and prevent tlie complete separation of the iron from 
the earthy matter. The most easily fusible slag which can be formed by 
the action of lime upon clay has the composition 6 Ca 0 .Al 30 j. 9 Si 0 g; but, 
in English furnaces, where coal and coke are employed, it is found neces¬ 
sary to employ a larger proportion of lime to convert the sulphur of the 
fuel into sulphide of calcium, so that the slag commonly has a composi¬ 
tion more nearly represented by the formula, 12 Ca 0 . 2 Al, 03 . 9 Si 0 ,^ wMch 
would express a compound of 6 molecules of normal silicate of lime with 
1 molecule of normal silicate of alumina, 6(2€aO.SiOJ, 2Al,Or3SiOp 
silicic acid being considered a bibasic acid. 

Since iron, mBugaaeae, and magnesium are^commonly found occupying 
the place of a portion of the calcium, a more general formula for the slag 
from English blast furnaces would be— 

. 6(2[CaFeMnMg]0.Si6,),2Al,0,.3Si0,. 

^ A fair impresmon of the ordinary composition of the slag from blast 
wjroaces is e(l!tt^yed by the following table:— 
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Sloffjrom Blast Furnace. 


Silica,. 

48-07 

Alumina, .... 

14*86 

Zime,. 

28*92 

.llameda, .... 
Oxme of iron (FeO), 

6*87 

2*85 

.Oxide of nianganeso (MnO), . 

1*87 

'Potash, .... 

1*84 

Sulphide of calcium, 

1*90 

: Phosphoric acid, . 

trace 

/ 

ieO'36 

■ 



purposes. The 
t<> expenments 


ia which they axe cast into blocks for rough, l^ild 
presence of a considerable proportion of potash has^^ 
upon their employment as a ma^j^^ for which pm^^lhey have been 
blown out, when liquid, into "a finely divided frothy condition fit for 
grinding and applying to the soil. 


214. Cast-Iron is, essentially, composed of iron with from 2 to 5 per 
cent, of carbon, but ^ways contains other substances derived either from 
the ore or from the fuel employed in smelting it On taking into con¬ 
sideration the energetic deoxidising action in the blast furnace, it is not 
surprising that portions of the various oxygen compounds exposed to it 
should part with their oxygen, and that the elements thus liberated 
should find their way into the cast-iron. In this way the silicic acid is 
reduced, audits silicon is found in cast-iron in quantity sometimes amount¬ 
ing to 3 or 4 per cent. Sulphur and phpsphc^s are also generally pre¬ 
sent in cast-iron, but in very much smaller quantity; their presence 
diminishes its tenacity, and the smelter endeavours to exclude them as far 
as possible, though a small quantity of phosphorus appears to be rather 
advantageous for some castings, since it augments the frisibility and 
fluidity of the cast-iron. The sulphur is chiefly derived finm the coal or 
coke employe d. | n pelting, and for this reason charcoal would be pre¬ 
ferable any other fuel if it could.be obtained jiTausufBciently cheap 
rate. The iron-works of America and those of the European continent 
eiyOy a great advantage in this respect over those of England. The 
phosphorus is obtained chiefly from the phosphoric acid existing in the 
ore or in the flux. Manganese, amotmting to 1 or 2 per cent., is often met 
with in cast-iron, having been reduced from the oxide of manganese, which 
is generally found in iron ores. Other metals, such as chromium, cobalt, 
&c., are also occasionally present, though in so small quantities as to be 
of no importance in practice. 

The following table exhibits the largest and small^t proportions of the 
various elements determined in the analysis of upw^s of a hundred 
specimens of cast-iron :— 


Composition of Cast-iron.* 


Carhon, . . .• . 

Haxlmnm. 

4*81 

Mlnimmn. 

1*04 percent. 

Silicon, .... 

4*77 

0*08 „ 

Sulphur, . . . • 

1*06 

0-00 „ 

Phosphorus, 

1*87 

trace „ 

Mangan^, 

6*08 

trace „ 

Iron, .... 

. 

... 

• Compiled firom “ 

Percy on Iron and SteeL” 


u 












GEIY, MOmS®, AND WIUTl IKON. 


In order to understand the difference ohsorved in the several varieties 
of cast-iron, it is necessary to consider the peculiar relations between iron 
and (»rbon. Iron fused in contact with carbon is capable of combioing 
with nearly 6 per cent, of that element, to form a white, brilliant, and 
brittle compound, which may be represented pretty nearly as composed 
of ^ 640 . Under certain circumstances^ as this compound of iron and 
carbon cools, a portion of the carbon separates from the iron, and remains 
disseminated throughout the mass in the form of minute crystalline par¬ 
ticles very much resembling natural graphite. If a broken piece of iron 
containing these scales be examined, the fracture will be found to exhibit 
a more or less dark grey colour, due to the presence of the uncombined 
carbon, and for this reason a cast-iron in which a portion of the carbon 
has thus separated is commonly spoken of as grey irort, whilst that in 
which the whole of the carbon h^ remained in combination with the 
metal, exhibits a white fracture, and is termed white iron or bright iron. 
Intermediate between these is the variety known as mottled iron, which 
has the appearance of a mixture of the grey and white varieties. 

The different condition of the carbon in the two varieties of cast-iron is 
rendered apparent when the metal is dissolved in diluted sulphuric or 
hydrochloric acid, for any carbon which exists in the uncombined state 
will then be left, whilst that, which had been in combination with the 
iron passes off in the form of peculiar co mpound s^f cMbpn aiiLd.hydro g e n^ 
which impart the disagreeable odour ncr'5!lii^"^m"tTi6 gas evolvedf ^en 
the metal is dissolved in an acid, ^ c:? - 

The properties of these two varieties of cast-iron are widely different, 
^ grey iron being.s^jaflLthat it may bo turned in a lathe, whilst the 
“ iron is extremely hard, and of higher speciffc gravi^ Again, although 
wn fus^ at aiower. temperature than grey iron, the lattor is 
T nmre liquid wh^ fused, and is therefore much better fitted for casting. 
Although the presence of uncombined carbon is the chief point which 
distinguishes grey from white iron, other differences are commonly observed 
in the composition of the two varieties. The white iron usually contains 
leas silicon than grey iron, but a larger proportion of sulphur. White 
iron also usually contains a much larger quantity of manganese. 

The difference in the composition of these three varieties of east-iron is 
shown in the following table:— 



Grey. 

Mottled, 

White. 

Iron, .... 

90*24 

89*81 

89*86 

Combped carbon, 

1*02 

1*79 

2*46 

Graphite, 

2*64 

1*11 

0*87 

Silicon, 

3*06 

2*17 

1*12 

Sulphur, 

1*14 

1*48 

2*62 

Phosphorus,. 

0*98 

1*17 

0*91 

Manganese, . 

0*88 * 

1*60 

2*72 


99*86 

98*63 

100*46 


As might be expected, it is not easy to tell where a cast-iron ceases to 
be gp^ and begins to 1 ^ mottled, or where the- mottled iron ends twid 
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white iron begins There ste, in fact, eight varieties of cast-iron in com¬ 
merce, distinguidied by the numbers one to eight, of which No. 1 is dark 
grey, and contmns the largest proportion of graphite, which diminudies in 
the succeeding numbers up to No. 8, which is the whitest iron, the inter¬ 
mediate numbers being more or less mottled. 

The particular variety of cast-iron produced is to some extent under 
the control of the smelter, a furnace in good order appearing usually to 
yield grey iron, whilst a defective furnace, or one supplied with too small 
a proportion of fuel, will commonly give a white iron. But the metal 
sometimes varies considerably at different levels in the crucible of the 
furnace, so that pigs of different degrees of greyness are obtained at the 
same tapping. 

Mottled cast-iron surpasses both the other varieties in tenacity, and 
is therefore preferred for such purposes as casting ordnance, where this 
quality is particularly desirable. 

The dark grey iron used for casting, known as foundry-iron, is produced) 
at a higher temperature, by supplying the blast furnace with a larger pro-l 
portion of fuel than is employed in making the lighter forge-iron destined* 
for conversion into wrought-iron. The extra consumption of fuel, of 
course, renders the foundry-iron more expensive. When a furnace is 
worked with a low charge of fuel to produce a white iron, a larger quan¬ 
tity of iron is lost in the slag, sometimes amounting to 5 per cent, of 
the metal, whilst the average loss in producing grey iron does not exceed 
2 per cent. Ores containing a large pi-oportion of manganese are generally 
found to yield a white iron. 

When grey iron is melted, the particles of graphite to which its grey 
colour is due are dissolved by the liquid iron, and if it be poured into 
a cold iron mould so as to sol idify i t as rapidly as possible, t he externa l 
portion of the c asting will pr ese nt m uch of the harness and appear - 
ance of white iron T the sudden c^oolmg having preventeSriEe separation 
of the graphite/This affords the explanation of the process of chill- 
casting, by which shot, &c., made of the soft fusible grey iron, are made 
to acquire, externally a hardness approaching that of steel. , ' 

The sjtedjic gravity of cast-iron varies between 6’92 (grey) and 7*53' 
(white), and its fusing point is somewhat below 3000“ F. 


Conversion of Cast-Iron into Bar or Wrought Iron. 

216. In order to convert cast-iron into bar-iron, it is necessary to reduce 
it as far as possible to the condition of pure iron, % removing the carbon, 
silicon, and other substances associated with it. This purification, is ^ 
e^ctSd upon the.Trin^iplepthat when cast-iron is strongly heated in con¬ 
tact with oxide of iron, its carbon is evolved in the form of c arb onic oxide, ** 
whilst the silicon, also combining with the oxygen from a part 6F£he ‘ 
oxide of iron, is converted into silicic acid, which unites with an¬ 
other portion of oxide to form a fusible slag easily separated from the 
metaL * 

The most important of the processes employed for the conver¬ 
sion of pig-iron ■ into bar-iron, is that known as the puddling process,^ 
but this is sometimes preceded by the process of refining, whiph will/ 
therefore be first described. ^ 

Refining cast-iron .—^This process consists essentially in exposing the 
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metal, ia ft to fte The r^mry 

(figs. 247, 24^is a reciibguw mniga with double walls of cost-iroh, 
pelween which cold water is kept circulating to prevent _tfe8irJ5lfflom 
This trough is about 17!&t long by wSe, and usually lined 

with fire-clay; on each 
dde of it are arranged 
three tuyere pipes for the 
supply of air, inclined at 
an angle of 25“ to 30“ to 
the bottom of the fur¬ 
nace, which is fed with 
coke, unless the very best 
iron is required, as for 
the manufacture of tin¬ 
plate, when charcoal is 
generally used in the 
refinery. 

This furnace having 
been ^^.to a certain 
iheight with fuel, five or 
^six pigs i^’iTon (from 
20 to 30 cwt.) are ar¬ 
ranged symmetrically 
upon it, and covered with coke, a blast of air being forced in through the 
tuyeres, under a pressure of about 3 lbs. upon the inch. In about a 
quarter of an hour the metal begins to fuse gradually, and to trickle down 

through the fuel to the 
bottom of the refinery, 
a portion of the iron 
being.. convected—into 
oxide, in its descent, by 
the air issuing from the 
tuyere pipes. When the 
whole of the metal has 
been fused, the air is still 
allowed to play for some 
time upon its surface, 
when the fused metal 
appears to boil in con¬ 
sequence of the eij^pe 
of bubblM„(£jBBitelic 
oxide. ■ vV 

After about two hours 


Fig. 247.—Hearth for refining pig-iron. 



Fig. 248.—Hearth for refining pig-iron. 


the tap hole is opened, and the molten metal run out into a fiat cast-iron 
mould kept cold by water, in order to chill the metal and render it brittle. 

plate of refimd irm thus obtained is usually about 2 inches thick. The 
slag ^Gt finery cinder) is generally received to a separate mould; its com¬ 
position may be generally express^ by the lormula 2FeO.SiO,, the silicic 
acid having been derived from the silicon contained to the cast-iron. 

The change effected to the composition of the iron by the process of 
refining will be apparent from the fofiowing table:— 
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Refined Iron. 


Iron,. 

9614 

Carbon, .... 

8-07*^ 
0-68 : 

Silicon, .... 

Sulphur, .... 

016 

Phosphorus, .... 

0-78 

Uanganesa, .... 

trace ! 

Slag,. 

0-44' 

10017 


The carbon, therefore, is not nearly so much diminished as the silicon, 
erhich is in some cases reduced to ^^jj^th of its former proportion by the 
refining process. Half of the sulphur is also sometimes removed, bmng 
found in the slag as sulphide of iron. The phosphorus is not removed to 
the same extent in the refining process, though some of it is converted 
into phosphoric acid, which may be found in the finery cinder. 

The further purification of the metal could not be effected in the 
refinery, since the fusibihty of the iron is so greatly diminished as it 
approaches'To a pure state, that It could not be retained in a fluid condi¬ 
tion at the teihperature attainable in this furnace, and a more spacious 
hearth is required upon which the pasty metal may be kneaded into close 
contact with the oxide of ^inpn wMch is to? complete the oxidation and 
sep aration of t he carbon/ ^ For this reason the meuins transferred to the 
puddEng furnace. 

The puddling process is carried out in a reverbe ratory furnace (figs. 249, 
250) connected with a tall chimney provideTwitK"a"damperJ^so as to admit 
of a very perfect regulation of the draught A bridge of fire-brick between 



Fig. 249.~Puddliug limiace. 


the g rat § and the hearth prevents the contact of the coal wit^.th6.jyfOJtJ^ 
be puddled. The fiearth is composed either of fire-brick or of cast-iron 
plates, covered with a layer oi^very infusible slag, and cooled by a free 
circulation of air beneath them. This hearth is about 6 feet in length, by 
4 feet in the widest part near the grate, and 2 feet at the opposite ^d; 
it is slightly inclined towards the end farthest from the grate, and finishes 
in a very considerable slope, at the lowest point of whicix is the^oss-AoZe 
for the removal of the slag. Since the metal is to att^ a very high 
temperature in this furnace (estimated at 3000® F.), it is usually covered 
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mik an imping, so as to prevent any entrance of cold air 

chinks in'Sne brick work. f ^ i 

About 5 cwt of the %e ipjetal is broken up and neaped upon the 
hearth of this furnace, bjgether m£h about 1 cwt. of iron scales (black 



Fig. 250.—Puddling furnace. 


oxide of iron, Fepj, and of hammor-slag (basic silicate of iron, obta,ined 
in subsequent operations), which are added in order to assist 
tljeigygjjjJjjes. When the metal has fused, the mass is well siirr s^ or 
puddly so that the oxide of iron may be brought into confect with 
evei^part of the metal, to effect the oxidation of the impurities. The 
metal now appears to boil, in consequence of the\^cape of .fia ^.nic O Jridej) 
and in about an hour from the commencement oi the puddling, so much 
of the carbon has been removed that the fusibility of the metol is con¬ 
siderably diminished, and instead of retaining a fused condition at the 
temperature prevailing in the furnace, it assumes a granular, sandy, or dry 
state, spon gy maiji sea of pure iron separating or coming to nature m the 
fused m^. The puddling of the iron is continued until the whole ]^s 
i^aH iimedlt his gramilar a ppearance. ■ when the evolution of carbonic oxide 
ceases almost entirely, showing that the removal of the carbon is nearly 
completed. The damper is now gradually raised, so as to increase the 
temperature and soften the pai*ticles of iron, in order that they may bo 
collected into a mass; and the njore easily to effect this, a part of the 
wlag is run ofF through the floss-hole. The workman then collects some 
of the iron upon the end of the paddle, and rolls it about on the hearth 
until ho has collected a sort of rough ball of iron, weighing about half-a- 
hundred weight. When all the iron has been collected into balls in this 
way, they are placed in the hottest part of the furnace, and pjea^ occa¬ 
sionally with the paddlo, so as to s queeze out a porti on of the with 
which their interstices are filled. The doors are then closed to raise the 
Interior of the furnace to a very high temperature, and after a short time, 
when the balls are sufficiently heated, they are removed from the furnace, 
and placed under a s team hamme r, whiah s queezes out the liqui d slag , 
and forces theHoStmieSrparticles of iron to cohere into a continuous obirag 
mass or bloom, which is then passed between rollers by which it is ex¬ 
tended into bars. These bars, however {Bmgh or PuddUd, or No, 1 Bar), 
are always hard and brittle, and are only fit for such constructions as rail¬ 
way bars, where hardness is required rather than great tenacity, ifaor^r 
to impt^e 1^8 latter quality, the rough bare ar e cut up into short 
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which are made into handles, imd after^heing raised to a high tempera¬ 
ture in the mill-furnace, are passed through rollers, which weld the 
several bars into one compound bar, to be ephsequenUy passed through 
other rollers until it has acquired the desired dimensions. By ihxia fagot- 
ting or piling the bars, their texttire is rendered £ar more uniform, and 
they are made to assume a fibrous which greatly increases 

their strengthTpffi^/iflrwif Bar, oxWoT^ Bar). To obtain the best, or iVb. 
3 Bar, or u>ire4ron, these bars are doubled upon themselves, raised to a 
welding heat, and again passed between rollers. These repeated rollings 
have the e^^t of tho raugl ^ sgueegng out the slag which ismecIhSUti:^ 
entangled amon^fEe particle of iron in the rough bars, and would pro¬ 
duce fiaws if allowed to remain in the metal. A slight improvement 
appears also to be effected in the chemical composition of the iron daring 
the rolling, some of the carbon, silicon, phosphorus, and sulphur, stiU 
retained by the puddled iron, becoming oxidised, antf passing away as 
carbonic oxide and slag. 

The following table exhibits the change in chemical composition which 
takes place in pig-iron when puddled (without previous refining) and 
rolled into wire-iron:— 


Effect of Paddling and Forging on Cast-iron. 


111 100 parts. 

Carbon. 

SlUcon. 

Sttlphui’. 

Phoaphorua. 

Grey pig-iron. 

2-275 

2-720 

0-301 

0-645 

Ihiddled bar. 

0-296 

0-120 

0-184 

0-189 

Wire-iron, . 

0-111 

0-088 

0-094 

0-117 


About 90 parts of bar-iron are obtained from 100 of refined iron by the 
puddling process, the diflerenco representing the carbon which has passed 
off as carbonic oxide, and the silicon, sulphur, phospbonis, and iron, 
which have been removed in the slag, or tap-cinder, this being essentially 
a silicate of protoxide and scsquioxicle of iron, varying much in composi¬ 
tion according to the character of the iron employed for puddling, and the 
proportions of iron-scale and hammer-slag introduced into the furnace. 
(.)f course, also, the material of which the hearth is composed will in¬ 
fluence the composition of the slag. The following table affords on illus¬ 
tration of its composition:— 

Tap-Cinder from Puddling Furnace 

Protoxide of iron (FeO), .... 

Peroxide of iron (FCjjOjb .... 

Silicic acid,. 

Phosphoric iwid,. 

Sulphide of iron,. 

lime. 

• ' Oxide of manganese, •. 

Magnesia,. . •. 


The lime in the above cinder was probably derived from the hearth of 
the furnace, which is sometimes lined with that material to assist in re¬ 
moving the sulphur. 


67-67 
13-68 
8-32 
7-29 
7 07 
4-70 
0-78 
0-26 


99-62 
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Vfbm pig-iioa is puddled without undei^foing the refining process, it 
becomes much more liquid Ilian refined iron, and the process is some¬ 
times described as the boiling proem, whilst refined iron undergoes dry 
pudding. 

It will be observed that this process of puddling is attended with some 
important disadvantages; it involves a great expenditure of manual labour, 
and of a most exhausting kind; the very high temperature to which the 
puddler is exposed renders him liable to lung disease, and cataract is not 
uncommonly caused by the intense light &om the glowing iron; the wear 
and tear of the puddling furnace is very cdnsiderable, and since it receives 
only ten or eleven charges of about five ewts. each in the course of twenty- 
four hours, it is necessary to work five or six puddling furnaces at once, 
in order to convert into bar-iron the whole of the cast-iron turned out 
from a single blast furnace. These considerations have led to several 
attempts to improve the puddling process by employing revolving furnaces 
and other mechanical arrangements to supersede the heavy manual labour, 
and even to dispense with it altogether by forcing the air into the molten 
iron. The most generally known of tho processes devised for this purpose 
is that of Bessemer, which consists in running the melted cast-iron into a 
huge crucible, and forcing air up through it under considerable pressure, 
thus combining the pnrif^ng inflneneft nf the blast of air in the rofii^y 
with the mechanical agitation effected in tliic^^ddlmg furnace. Besso- 

mei^s converting vmel (fig 251) is a 
large, nearly cylindrical crucible of 
wrought iron, lined with fire-clay, 
having apertures (A) at the bottom, 
through which air is blown at a 
pressure or twenty pounds 

upon the men. This vessel is some¬ 
times large enough to receive ten 
tons of cast-iron for a chaige. The 
metal having been melted in a sepa¬ 
rate furnace, is run into the convert¬ 
ing vessel, the blast being already 
turned on so that the liquid iron may not run into the air tubes. The iron 
bums vividly, and the oxide of iron produced is diffused in a melted state 
through the mass of metal by the rapid current of air. This oxide of 
iron acts upon the silicon and carbon in the cast-iron, converting the 
latter into carbonic oxide, which bums with flame at the mouth of the 
converter, and the former into silicic acid, which enters into the slag, and 
• | «l||arried up as a froth to the sur&ce of the liquid iron. The blast of air 
is continued for about twenty minutes, when the disappearance of 
I thd flame of carbonic oxideTndtcatesIh^ completion of the proces^ but the 
I remaining purified iron is not pasty, as in the puddling furnace, being 
|retained in a perfectly liquid condition by the high temperature resulting 
^from ttie combustion of part of the iron, so that the meM may be mu out 
into moulds by tilting the converting vesself which is usually himg upon 
truimons. In this way about 86 parts of*bar-iron are obtained from 100 
of pig-iron. 

j Although so great an economy of tbne and labour would result from the 
1 application of Beasemer’s process, it has not superseded the puddling pro- 
[ because ^ .does not remove the sulphur and phosphorus iiW the 
pij^iron, »i only the best varieties of that material, extracted from 




■jt' . 

Fig. ^1.—Bessemer’s ce M y erting vessel. 
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hanaatite or magnetic ore, yidd a bar-iron of good quality when purified 
in this way. Moreover, the process is applicable only to grey iron rich in 
carbon and silicon, which is more expensiYe than the light forge irons 
treated in the puddling furnace. Its application to the manufacture of 
steel will be noticed hereafter. The effect of the Bessemer proces^pon a 
particular specimen of pig-iron is shown in the table— 


In 100 parte of Pig-iron. 

Before. 

After. 

Carbon,. 

3-809 

0-238 

Silicon,. 

0-595 

none 

Sulphur, .... 

0-486 

0-402 

Phosphorus. 

1-012 

1-102 


Compomtion of bar-iron .—Even the best bar-iron contains from 0"I to"^ 
0'3 per cent, of carbon, together with minute proportions of silicon, sul- ^ 
phur, and phosphorus. Pe rfectl y pme iron is iiderior in harcGress and 
tenacity to that which contains a smalOi proportion of carbon. 

Bar-iron is liable to two i mportan t defects, which are technically known 
as cold-shorinma and red-shortness. Cold-short iron is brittle at ordinary ^ 
temperatures, and appears to owe this to the presence of (phosphorus,)of/ 
which element 0*5 per cent, is sufficient materially to diminish the tenacity 
of the iron. When the iron is liable to brittleness at a red heal^ it is 
termed red-short iron, and a very little sulphur is sufficient to affect the 
quality of the iron in tliis respect. 

There is much difference of opinion as to the true causes of the varia¬ 
tion in the strength of wrought-iron, and this is not surprising when we 
reflect upon the number of circumstances which may be reasonally ex¬ 
pected to exert some influence upon it. !Not only the proportions of 
carbon, silicon, sulphur, phosphorus, and manganese may be supposed to 
affect the quality of tlie iron, but the state of combination in which these 
elements exist in the mass is not unlikely to cause a difference. It also 
appears certain that the mechanical structure, dependent upon the ar¬ 
rangement of the particles composing the mass of metal, has at least as 
much influence upon the tenacity of the iron as its chemical composition. 

The best bar-iron, if broken slowly, always exhibits a fibrou s stmctni^r 
the particles of iron being arranged in parallel lines. This appears to con¬ 
tribute greatly to the strength of the iron, for when it is wanting, and the 
bar is composed of a confused mass of crystals, it is weaker in proportion 
to the size of the crystals. /The presence of phosphorus is said to favour 
the formation of large crystal, and hence to prince cold-shortness.) There 
is some reason to believe that tlie fibrausis sometimes exchanged fo]f.tb^^ 
crystalline texture imder the influence of frequent vibrations, as ini the 
caSe'tiflSllVray axles, girders of suspension-bridges, &a 

Considering the ffifficuljb fusibility of bar-iron, it is fortunate that itv 
possesses the property of being torided, that is, of bajpg feftT?- 

m eriqg wben softened b y hea t. TH is customary first to sprinkle the 
heated with am^ot dayin order to c onvert t he superficial ^ide of 
i ron int o a liquid ffl^te, wmch will be IbrcedouT ffoiEnSetweem theSjBy 
hammering or foUuig, leaving the clean metalU fijau^c^^ adhere. B%sml . 
iron does not weld, and is largely crysiallino m structure. ^ ’ 
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Manufaotueb op Steel. 

I 216. Steel differs &om bar-iron in possessing the property of becoming 
very hard and brittle when heated to redness and then suddenly cooled 
by being plunged into water. Perfectly pure iron, obtained by the .elec¬ 
trotype process, is not hardened by sudden cooling; but all bar-iron 
which contains carbon does exhibit this property in a greater or less 
degree according to the proportion of carbon present. It does not b^ome 
decidedly steely, however, un]^ the carbon amounts to 0 *3 per c ent. The 
hardest steel contains about 1*2 per cent of carbon, and w^iTthe propor¬ 
tion reaches 1'4 per cent it begins to assume the properties of white cast¬ 
-iron. Bar-iron may, therefore, be converted into steel by the addition of j 
about one pp* cent.o f carbon, and, conversely, cast-iron is converted into! 
steel wHeh tne quantity‘oTcarbon contained in it is reduced to that amount | 
There are thtis two processes by which steel may be produced; but that 
which is employed almost exclusively in this country consists in combin¬ 
ing bar-iron with the requisite amount of carbon by what is technically 
known as cementation, the bars being imbedded in charcoal and exposed 
for several days to a high temperature. 

The operation is effected in large chests of fire-brick or stone, about 10 
or 12 feet long by 3 feet wide and 3 feet deep. 



Fig. 252.—-Funiace for converting bar-iron into eteel. 


Two of these chests are built into a dome-shaped furnace {commimg 
furnace, fig. 252), so that the flame may circulate round them, and the • 
furnace is surrounded with a conical jacket of brick-work in order to allow 
a steady temperature to be maintain^ in it for some daya The 
is ground so as to pass through a sieve of \ inch mesh, and spread In an 
evenlayer upon the bottom of the chests. Upon this the bars of iron, 
which must be of the-best quality, are laid in regular order,^ a small in¬ 
terval being left between them, which is afterwards filled in with the- 
charcoal powder, with a layer of which the bars are now covered; over 
this more bars are laid, then another layer of charcoal, and so on until the 
chest is filled. Each chest holds 6 or 6 tons of bars. One of the bars is 
allowed to project through an opening in the end of the chest, so that. 
“^^ihe workmen may withdraw it from time to time and judge of the progress 
■'‘ of the oper^idm The whole is covered in with a lay;er of about 6 inches 
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The fire is carefully and gradually lighted, lest the chests' should be 
split by too sadden application of heat, and the temperature is eventually 
raised to about the fusing point of copper (2000® ¥.), at ■which it is main¬ 
tained for a period varying with the quality of steel which it is desired to 
obtain. Six or eight ^ys suffice to produce steel of moderate hardness; 
but the process is continued for three or four days longer if very hard 
steel be required. The fire is gradually extinguished, so that the chests 
are about ten days in cooling down. 

On opening the chests, the bars are found to have suffered a r em arkable 
change both in their external appearance and internal structure.^* They 
ar^covered with large blis ters^ obviously produced by some gaseous subh 
stance raising tHe'softened surface of the metal in its attempt to escape, 
nit is conjectured'either that the small quantity of sulphur present in the 
nar-iron is converted into bisulphide of carbon during the cementation 
process, and that the vapour of this substance s'wells the softened metal 
into bubbles as it passes of j o^that the blisters are caused by carbonic 
oxide produced by the action of the carbon upon particles of slag acci¬ 
dentally present in the bar. On breaking the bars across, the fracture is 
found to have a finelyjjranular instead of the fibrous appearance 

exliibited by bar-non. Cliemicjd analysis sKows that the iron has com¬ 
bined with about one per cent, of carbon, and the most remarkable part 
of the result is that this carbon is not only found in the external layer of 
iron, which has been in direct contact with the heated charcoal, but is 
fdso present in tlie very centre of the bar. It is this transmission of thej 
solid carbon through the solid mass of iron which is implied by the termj 
fomentation. The chemistry of the process probably consists in the forma-i 
tion of carbonic oxide from the small quantity of atmospheric oxygen in 
the cheat, and tlie removal of ouo-half of tlie carbon from this carbonic 
oxide, by the iron, wliich it converts into steel, leaving carbonic acid"^ 
(2CO — C = COj) to be reconverted into carbonic oxide by taking up^ 
more carbon from the charcoal (CUj + C = CO), which it transfers again 
to the iron. Experiment has recently shown that soft iron is capable of^ 
absorbing, mechanically, 4'15 volumes of cai’bonic oxide at a low red heat, 
so that the action of the gas upon the metal may occur throughout the 
substance of the bar. The carbonic oxide is retained unaltered by the 
iron, after cooling, unless the bar is raised to the temperature required for 
the production of steel. 

The blister&i deel obtained by this process is, as would be expected, 
far from uniform either in composition or in texture; some portions ot 
the bar contain more carbon tlian others, and the interior contains nume¬ 
rous cavities. In order to improve its quality, it is subjected to a process 
of fag otting similar to tliat mentioned in the case of bar-iron; the bans 
of bERSSea steel, being cut into short lengths, are made up into bundles, 
which are raised to a • welding h eat, and placed under a tilt-hammer 
weighing about 2 cwt., ^IHSlTlIal^es two or three hundred 0Io1^rin a 
minute j in this 'way, the several bars are consolidated into one compofiltd 
h at ;- which is then expended under the hammer till of the reqniredii 
dimensions. The bars, before heirife hammered, are sjgrinkled with 
which combines with the oxide of iron upon the sai^€, and forms 
a ■vittepjBg, layer which protects the bar from The 

steel whiciTlGas been thus hammered is much aenser' aM’mo^mworm 
in composition; its tenacity, malleability, and ductility are greatly in¬ 
creased, and it is fitted for the manufacture of shear s, files, and othepr 
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to(d^ It m commonly known as ^ar^steel. DouWe shear s^l is 
obtained by breaking tilted bars in Wo, and wdding these into a 
. compound bar. 

The^S^netj;ofst^l,however,wMchis^^^ 
p^ti(m,is tnal Known as eari steel, to ohmn which, about 30 lbs. of bUuiiBCea 
steel are broken into fragments, and %!cd in a ^y^clay,or plumbago cruci¬ 
ble, heated in a wind-furnace, the surface of the metal beingprotec$e(l from 
^xidation by a little melted upon it. The fused steel is cast into 
[ingots, several crucibles being emptied simultaneously into the same 
I mould. Cast steel is far superior in density and hardness to shear steel, 
but since it is exc eedingly brittle jtt a ^,4 heat, great care is necessary in 
forging it. It has IBeenmuml tbat the adi fiSidn, to 100 parts of the cast 
steel, of one part of a mixture of charcoal and oxide of manganese, pro¬ 
duces a very fine grained steel which admits of being cast on to a bar of 
wrought-iron in the ingot-mould, so that the tenacity of the latter may 
compensate for the brittleness of the steel when the compound bar is 
forged, the wrought-iron forming the back of the implement, and the 
steel its cutting edge. 

This a ddition o f mang ane se to the cast steel (Heath’s patent) has effected 
a great re'ductioiTm its cost, allowing the use of blister steel made from 
British bar-iron, whereas, before its introduction, only the expensive iron 
of Swedish or Eussian make could be employed. Only traces of man¬ 
ganese pass into the steel, the bulk of it going into the slag, and apparently, 
carrying the sulphur and phosphorus with it. 

After the steel has been forged into the shape of any implement, it is 
hardened by being heated to redness, and suddenly chilled in cold water, 
or oilpbr mercury. It can thus be rendered nearly as hard as diamond, at 
* the same time increasing slightly in volume (sp, gr. of cast steel 7'93; after 
i hardening, 7*66). The chemical difference between hard and soft steel 
‘ appears to be of the same kind as that between grey and white cast-iron 
(p. 306), the great proportion of the carbon in hard steel being in combina¬ 
tion with the meted, while in soft steel the greater part seems to be in 
intimate mechanical admixture with the iron, for it is left undissolved on 
treating the steel with an acid. If the hardened steejl be heated to red¬ 
ness, and allowed to cool slowly, itrlK &gfiln'converti^-into soft steel, btit 
by heating it to a temperatiffe short of a red heat, its hardness may be 
proportionally reduced. This is taken advantage of in annealing the 
steel or “ letting it down to the proper temper. The yerv 
is almoirt as brittle as glass, and tot^ly unfit for anj^bromaiy use, bui 
by fitting it to a' given temperature and allowing it to cool, its elasti¬ 
city may be increased to the desired extent, without reducing its hard¬ 
ness below that required for the implement in hand. On heating a steel 
blade gradually over a fiame, it will acquire a light yellow colour when 
its temperature reaches 430° F., from the formation of a thin film of 
oxide; as the temperature rises, the thickness of the film increases, and 
; at 470° a decided yellow colour is seen, which assumes a brown shade 
at 490°, becomes purple at 620°, and blue at,^50“. At a stUl hi^er 
[ temperature the film of oxide becomes so thick as to be black and 
i opaque. Sted which has been heaM to' 430°, and allowed to cool 
I dowly, is said.to be tempered to the ydlow, andf is hard laiough to take a 
Isery fine cutting edge, whilst, if tempered to the him, at 660°, it is too soft 
to take a '^ftyrke^ edge, but has a very high degree of elasticity. The 
^ foUowing |A^^|;^4l6ates the tempering heats for various implements:— 
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Temperiny of Steel. 


Temporotiira, F. 

Oolonr. 

Imitonentt thn* tempered. 

430® to 460®. 

470® 

490® 

610® 

620® 

680® to 570®. 

Straw-yellow. 

Yellow. 

Brown-yellow. 

Brown-purple, 

Purple. 

Blue. 

• 

Razors, lancets. 

Pen-knives. 

Large shears for cutting metal. 
Clasp-knives. 

Table-knives. 

Watch-springs, sword-blades. 


If a knife blade be heated to redness, its temper ia spoilt, for it is con¬ 
verted into soft steel. 

In general, the steel implements are ground after being tempered, so 
that they are not seen of the colours mentioned above, except in the case 
of watch-springs. 

A steel blatle may be easily distinguished ftom iron by placing a drop I 
of diluted nitric acid upo n it, when a dark st ain is produced upon the I 
steel, from the separation of the carbon. ^ 

Some small instrumelits^ such as keys, gun-locks, &c., which are 
exposed to considerable wear and tear by friction, and require the external 
ha^e^ of steel without its brittleness, are forged from bar-ironTlmd 
^irverte^‘externally into ste^ by the process of case-hardening, which 
uensists in heating them iir contact with some substance containing 
carbon (such as bon^dust, yellow prussiate of potash, &c.), and after- 
WffBi^Mlin g in watEer . A process whicR'is'lEe reverse of this is adopted 
in order to m^ase the tenacity of stirrups, bits, and similar articles 
made of cast-iron; by heating them for some hours, in contact with oxide 
of iron or mang a n ese, their carbon and silicon are removed in the forms 
■of carbonic oxide and silicic acid, and they become converted into med- 
'leahle caM-iron. 

The opinion that steel owes its properties entirely to the presence 
carbon is not universally entertained. Some chemists believe that 
nitrogen (or some analogous element) is an indispensable constituent, 
but the proportion of nitrogen found in steel is too minute to warrant 
this supposition. Titanium is alleged by some authorities to have an 
important influence upon the quality of steel, but this also appears to be 
a doubtful matter. Bar-iron may be converted into steel by being kept 
at a high temperature in an atmosphere of coal-gas, from which it 
abstracts carbon. 

Bessemer steel was originally produced by arresting the purification of 
cast-iron in Bessemer’s process (page 312), as soon as the carbon had 
diminished to about one per cent., when the steel was poured out in the 
fused state, i.e., in the form of cast steel. A steel of better qu^ly, 
howevOT, has been obtainSd by continuing the purification until liquid 
bar-iron remains in the converter, and introducing the pr(q>er proportioh 
of carbon in the form of a peculiM description of white cast-iron known 
as Spiegel-eism (mirror iron), which crystallises in lustrous tab^r cryi^, 
and contains large proportions of carbon and mangwese, being obt$dned 
by smelting spathic iron ore rich in man^mese, with charco^ m fueL 
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The 8jpiegel-dmn is added, iu a melted state, to the Bessemer iron hefoi'e 
potuing £x>m the converter. 

The composition of a sample of Spieget-eisen smelted from a spathic 
ore, found net|r Miisen in Prussia, is here given:— 

Spiegel-eisen. 


( Iron,.62‘86 

Manganese,.10*71 

Silicon,.1 *00 

Carbon,.4*82 

• 98*89 


Homogeneous iron, as it is called, is really a mild stool containing a 
low percentage of carbon, and obtained by fusing the best Swedish bar- 
iron with carbonaceous matters. It is remarkable for its malleability and 
toughness, and, having undergone complete fusion, it is more likely to be 
homogeneous in composition and structure than wrouglit-iron produced 
by puddling. 

Puddled steel is obtained by arresting the puddling process at an 
earlier stage than usual, so as to leave a proportion of carbon varying 
from 0*3 to 1*0 percent. 

Natural steel or German steel results in a similar way, from the incom¬ 
plete purification of cast-iron in the refinery. The presence of manganese 
in the iron is favourable to its production. • 

Krupp's cast steel, manufactured at Essen near Cologne, and employed 
for ordnance, shells, &c., is a puddled steel made from haematite and 
spathic ore, smelted with coke. The iron thus obtained contains much 
manganese, which is removed in the puddling process. Krupp’s steel 
contains about 1 *2 per cent of combined carbon, and is fused with a 
little bar-iron for casting ordnance. The fusion is effected in black lead 
crucibles holding 30 lbs. each, of which as many as 1200 are emptied 
simultaneously into the mould for the largest castings. A casting of 16 
tons reqTiires about 400 men, who act together in well-disciplined gangs, 
so that the stream of molten metal shall flow continuously along the gut¬ 
ters into the mould. Such large castings must be allowed to cool very 
, gradually, so that they are kept surrounded with hot cinders, sometimes 
for two or three months, till required for forging. 

217. Direct extraction of wroijight-iron fram the ore .—Where very rich 
and pure ores of iron, such as haematite and magnetic iron ore, are obtain¬ 
able, and fuel is abundant, the metal is sometimes extracted without 
being converted into cast-iron. It is probable that the iron of antiquity 
was extracted in this way, for it is dqnbtful whether cast-iron was known 
to the ancients, and the slag left from old iron-works does not indicate the 

( use of any flux. Some works of this description are still in operation in 
the Pyrenees, where the Oatalan employed. The crucible is 

lined at the sides with tine's^ iron plates, and at the bottom with a refoac- 
tory stone. A quantity of red-hot charcoal is thrown into it, and the 
space above this is temporarily divided into two compartments by a 
shovel The compartment nearest to 'the pipe through which the blast 
^nt^ is chaijged with ch|^gpgl, and the other compartment with the 
( Reined ore ^all, piec^ The shovel is then withdrawn, and a 
gfacEuaHyiuiire^^ current of air supplied, fresh ore and fuel being added 




EXTKACTION OF mON IN THE LABORATOKY, 819 

as they sink down. One part <^/the oxide of iron is reduced to the 
metallic state by the carbonic oxide, and the rest combines with the sUica 
present in the ore to form a slag. After about five hours the spongy 
masses of bar-iron are collected into a ball upon the end of an iron rod, 
and hammered into a compact mass like the metal obtained in the 



Fig. 2f»3.—Catalan foi^e for smultiiig iron ores. 

puddling furnace. The blowing machine employed in the Pyrenees is 
one in which the fall of tvater from a cistern down a long wooden pipe, 
sucks in, through lateral apertures, a supply of air, which it carries down 
with it into a box, from which the pressure of the column of water 
projects it with some force through the blast-pipe, tbe water escaping 
from the box through another aperture. 

In the North American hloomery forges a modernised form of the same 
process is adopted. 

The wrought-iron produced by this process always contains a larger 
proportion of carbon than puddled ijpn, and is therefore somewhat steely 
in Qhamcter. 

218. Extraction of iron on the small scale .—In the laboratory, iron may be extracted 
from heematite in the following manner;—A fire-clay crucible (A, fig. 264), about 8 
inches high, is filled with damp charcoal |X)wder, ramm^ down in successive layers; 
a smooth, conic^ cavity is scoeped in the charcoal, and a mirture of 100 gra. 
red hematite, 25 grs. chalk, and 25 grs. pipe-clay, is introduced into it; the mix¬ 
ture is covered with a layer of charcoal, and a lid placed on the cmoible, which is 
heated in a Sefstrbm blast furnace,* fed with coke in small pieces, for about half 
* This very useful furnace, shown in section in fig. 264, consists of two iron ertindets 
with a space (B) between them, into which air is forced through the tube 0 by a double- 
action bellows. The inner cylinder has a fire-clay lining (D), through whient four or six 
copper tubes (E) admit the bust into the fuel. 
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mluKtt. ' Ob tBmikiiigthe cold micible, a button of ca«t-irou'*irill be obtained. 
Seai% pue faron may be prepared by ^ing ttxe beet wire-iron witii ab<mt one- 

fifth of its weight al pure pmxide of iroi^ 
to oxidise the carbon and silicon which it 
contains. Some powdered green glass, per¬ 
fectly free fron^ lead, must be em^oyed as a 
flux, and the crucible (with its cover well 
cemented on with fire-clsy) exmsed for on hour 
to a very high temperature. A silvery button 
of iron will then be obtained. 

219 .—Chemical properties of iron. 
Vi.. OKA ordinaiy condition, iron is 

‘ unaffected by perfectly dry air, but in 
the presence of moisture it is gradually converted into Jiydrated ees- 
^uioxide of iron (2Fe,0^3H,0), or rust. This conversion takes place 
more rapidly when carbonic acid is prei^t, water being then decomposed, 
and carbonate of iron formed (Fe -i- H,0 + 1210, = FeO.COj + H,); 
this is dissolved by the carbonic acid present, and the solution rapidly 
absorbs oxygen from the air depositing the 8esq[uioxide of iron in a hydmted 

2(FeO.CO,) -I- 0 = Fe^Og -f 2CO,. 



When iron nails are driven into a new oaken fence, a black streak will 
soon' be observed descending from each nail, caused by the formation of 
tannate of iron (ink) by the action of the tannic acid in the wood upon 
the solution of carbonate of "iron formed from the nails. The diffusion of 
iron-mould stains through the fibre of wet linen by contact with a nail, is 
also caused by the formation of solution of carbonate of iron. The iron 
in chalybeate waters is also generally present in the form of carbonate 
dissolved in carbonic acid, and hence the rusty deposit which is formed 
when they are exposed to the air. Iron does not rust in water containing 
a free alkali, or alkaline earth, o| an alkaline carbonate. 

Concentrated sulphuric and nitric acids do not act upon iron at the 
ordinary temperature, though they dissolve it rapidly when diluted. 
Even when boiling, strong sulphuric aci^ acts upon it but slowly. 
When iron has been immersed in strong nitric acid (sp. gr. 1*45), it is 
found to be unacted upon when subsequently placed in diluted nitric 
acid, unless previously wiped; it is then said to have assumed the passive 
state. If iron wire be placed in nitric acid of sp. gr. 1*35, it is acted 
upon immediately, but if a piece of gold or platinum be made to touch it 
breath the acid, the iron assumes the passive state, and the action ceases 
at once. A state similar to this, the cause of which has not yet been 
satisfactorily explained, is sometimes assumed by other metals, though in 
a less marked degree. 

220. Oxides of irort .—Three compounds of iron with oxygen are known 
in the separate state, and one is believed to exist in certain compounds— 

Protoxide of iron, or ferrous oxide, FeO \ 

Sesquioxide or peroxide of iron, or fame oxide, Fe,0,| 
Magnetic oxide, or ferroso-fertic oxide, FejO.J 

Ferric acid (?), FeO, 

‘ Ihe prot(xdde of iron is little known in the separate state, on account of 
the rea^ess witib which it absorbs oxygen and forms sesquioxide of iron. 
If \Uttile potaidi or aminonia be added to a solution of the green sulphate 
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of iron (FeO.SOj), a whitish predpitate of hydrated protoxide of iron is 
fomed, which immediately absorbs oxygen, and is converted into the 
dingy green hydrate of the magnetic oxide; on exposing this to the air, 
it absorbs more oxygen a|,d b^omes brown hydrated peroxide. This 
disposition of the hydrated protoxide to absorl) oxygen is turned to 
advantage when a mixture of sulphate of iron with lime or potash is 
employed for converting blue into white indigo. The protoxide of iron 
is a strong base. 

Peroxide or red oxide of iron has been already noticed among the ores 
of iron, and has also been referred to as occurring in commerce under the 
names of eolcothar, jeioeller'e rouge, and Vemtimt red, which are obtained 
by the calcination of the green sulphate of iron— 

2(Fe0.S03) = FO3O3 + §0^ + SO3. 

The hydrated peroxide (^i'e.Pj.SHjO), obtained by decomposing a solu¬ 
tion of perchloride of iron with an alkali, forms a brown gelatinous 
precipitate, which is easily dissolved by acids; but if it be dried and 
heated to dull redness, it exhibits a sudden glow, and is converted into a 
modification which is dissolved with great difficulty by acids, although 
it has tho same composition as the soluble form which has not been 
strongly heated. When the peroxide of iron is heated to whiteness, it 
loses oxygen, and is converted into magnetic oxide of iron, 3Fe,0g = 
2 Fe 303 + O. Existing os it does in all soils, sesquioxide of iron, is 
believed to fulfil the purpose of oxidising tho organic matter in the soil, 
and converting its carbon into carbonic acid, to bo absorbed by tlie 
plant; the sesquioxide being thus reduced to protoxide, which is oxidised 
by the air, and fitted to perform again the same office. The sesquioxide 
of iron, like alumina, is a weak base, and even exhibits some tendency to 
play the part of an acid towards strong bases, though not in so marked a 
degree as alumina. ^ 

Magnetic or black oxide of iron is generally regarded as a compound 
of the protoxide with the sesquioxide of iron (Fe 0 .F 8303 ), a view which 
is confirmed by the occurrence of a number of minerals having the same 
crystalline form as the native magnetic oxide of iron, in which the iron, 
or part of it, is displaced by other metals. Thus, ejnmUe is MgO.Al^Og; 
FranUimfc, ZnO.Fe^O.,; chrome-iron ore, FeO.CrgO,. The natm-al mag¬ 
netic oxi^e was mentioned among the ores of iron, and this oxide has 
been seen to be tlie result of the action of air or steam upon iron at a 
bigb temperature. The hydrated magnetic oxide of iron (FejO^.HjO) is 
obtained as a black crystalline powder by mixing one equivalent of proto- 
sulpbate witji one equivalent of persulphate of iron, and pouring the 
mixture into a slight excess of solution of ammonia, which is afterwards 
boiled with it Magnetic oxide of iron, when acted upon by acids, yields 
mixtures of protosalts and pcrsalts of iron, so that it is not an independent 
basic oxide. 

Ferric (uM ia only known in cosabination with bases as ferrtUcs. When iron filinra 
aie strongly heated with nitre, and the mass treated with a little water,.a fine purple 
solution of ferrate of potash ia obtained, A better method of preparing this salt 
consists in suspending 1 part of freshly precipitated sesquioxide of iron in 60 parts 
of water, addmg 80 parts of solid hydrate of potash, and passing chlorine till a 
slight effervescence commences; Fe,O, + CJ, + 10KHO=6K(u+2(K,FeO4)+6H.O; 
the ferrate of potash forms a black precipitate, being insoluble in the strongly aficaline 
solnMon, though it dissolves in pure water to form a purple solution, Which is decom¬ 
posed even by dilation, oxygen escaping, and hydrated peroxide of iron beiug pre- 
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9(KtFeOt)’^2KfO+FefO*+Of. A sinulaa^ decomposition takes place o& 
'■Itiraling a strong soinIdoQ, or on addii^ an acid nrith. a view to liberate tne fi^io 
kdd. The teirates of bat^^ strontiB, and lime are obtained as fine red precipitates 
eAen solntions of their salts are mixed with ferrate of potash. 

- 221. ProtosidpTiate iron, coj^oeroB, green vitriol ov ferrous sulphate, 
is obtained by beating 1 part of iron wire witb 1J parts of strong 
sulpburio acid, mixed witb 4 times its weight of water, until tbe whole of 
the metal is dissolved, when the solution is allowed to crystallise. Its 
manufacture on the h^e scale by the oxidation of iron pyrites has been 
already referred to. 

It forms fine green rhomboidal crystals, having the composition 
FeO. S03.H,0. 6 Aq. 

The colour of the crystals varies somewhat, from the occasional presence 
of small quantities of th6«ulphate of sesquioxide of iron (FOgOg. 3SOj). It 
dissolves very easily in twice its weight of cold water, yielding a pale green 
solution. When the commercial sulphate of iron is ^iled with water, it 
yields a brown muddy solution, in consequence of the decomposition of the 
sulphate of sesquioxide of iron contained in it, with precipitation of a basic 
sulphate. The sulphate of iron has a great tendency to absorb oxygen, 
and to become converted into the sulphate of sesquioxide. Thus, the 
ordinary crystals when exposed to air gradually become brown, and are 
converted into a mixture of the neutral and basic sulphates of the 
sesquioxide of iron— 

10(FeO.SOg) + 0* = 3(Fe,03.3S0g) + 2Fe303.S08. 

This disposition to absorb oxygen renders the siilphate of iron useful as a 
reducing agent j thus, it is employed for precipitating gold in the metallic 
state firom its solutions. But its chief use is for the manufacture of ink 
and black dyes, by its action upon vegetable infusions containing tannic 
acid, such that of nut-galls. This application will be more particularly 
noticed hereafter. 

Sulphaie of sesquioxide of iron, 6r persulphate of iron, or ferric sulphate, 
is foimd in Chili as a white silky crystalline mineral, coquinibite, having 
the composition, FegO3.3SOg.9Aq. 

This phosphates of protoxide and sesquioxide of iron are found associated 
in the min^nl known as vivianite or native Prussian Hue. 

222, SssgulfMoride, or perdiloride of iron or ferric chloride (FegCl^), 
is obtained in beautiful dark gre en ciystal line s gales when iron wire is 
heated in a glass tube throqpi whidb! a current o f dry chlorin e is passed, 
the sesquuMoride passing off in vapour, and 'fibffdSii^g in iihe cool part of 
the tube. The ciystaLs dmost instantly become wet when exposed to air, 
on account of their great attraction for water. The perchloride of iron 
may be obtained in solution by dissolving iron in hydrochloric acid, and 
converting the protochloride of iron (FeCl,) thus formed into perchloride 
by the action of nitric and hydrochloric acids (p. 172). The solution of 
perchloride of iron has been recommended in some cases as a disinfectant, 
being easily reduced to protochloride, ana thus affording chlorine to 
unstable organic^ matters in contact wi& it (p. 162). A solution of per- 
. chloride of iron in alcohol is used in medimne under the name of tincture 
of iron. 

^Intion of perohlorids of iron ia oapable of diasolTing a very laige quantity edpurs 
precimti^e^ of iron, Hina molecules of FcgO, being dissolved by one 

mpleeule of solution of n^fehloride of iron thus obtained has a vwy dark 
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red colonr, and ^Ids a rexy ot^ioos brown precipitate writb oommon trater, or any 
sedation containing eren a trace of a sulphate. 

223. Equivalent and alomie weights of iron .—When iron is dissolved 
in hydrochloric acid, 28 parts by weight of iron combine with 1 eq. 
(35'5 parts) of chlorine, displacing 1 part of hydrogen; hence 28 is the 
equivalent weight of iron. 

The specific heat of iron and its isomorphism with magnesium, zinc, and 
cadmium, show that its atomic weight must be represmite^ by double tiie 
equivalent, or 66, so that iron is a diatomic or bivalent element. 

The molecular formula of ferric chloride has been confirmed by the 
determination of the specific gravity of its vapour, which has been found 
to be 165 times that of hydrogen. If, therefore, one volume (or one 
atom) of hydrogen be represented as having a weight = 1, two volumes 
(or one molecule) of ferric chloride vapour would weigh (165 x 2) 330, 
a number nearly agreeing with the sum of two atoms of iron (112) and six 
atoms of chlorine (213'0). 

It will be remarked that iron possesses a different atomicity accordingly 
as it exists in ferrous or ferric compounds. Thus, in ferrous oxide (FeO) 
and ferrous chloride (FeCl,), it occupies the place of two atoms of hydrogen, 
and is diatomic; but in ferric oxide (Fe^O,) and ferric chloride (Fe^Ch) each 
atom of iron occupies the place of three atoms of hydrogen, and is tri- 
atomic. Some chemists designate the diatomic iron existing in ferrous 
compounds by the name ferrosum (Fo'^, and the triatomic iron of the 
ferric compounds by/emetm (Fe'"). 

MAISTGANESE. 

Mii"=65 parts by weight. 

224. Manganese much resembles iron in several particulars relating both 
to its physied and chemical characters, and is often found in nature, asso¬ 
ciated, in small quantities, with the compounds of that metal The metal 
itself has not been applied to any useful purpose. 

It is obtained by reducing carbonate of manganese (MnO.COj) with 
charcoal, at a very high temperature, when a fused mass, composed of 
mtmganeso combined with a little carbon (corresponding to cast-iron), is 
obtained, which is freed from, carbon by a second fusion in contact with 
carbonate of manganese. 

Metallic manganese is darker in colour than (wrought) iron, and very 
much harder; it is brittle, and only feebly attracted by the magnet. It 
is somewhat more easily oxidised than iron. 

225. Oandes of manganese .—^Three distinct compounds of manganese 
with oxygen have been obtained in the separate state, and two others are 
believed to exist in combination, but have not been satisfactorily made 
out in the anhydrous state— 

Protoxide of manganese, MnO 

Sesquioxide „ 

Binoxide or peroxide of manganese, MnO, ^ 
Manganic acid (1) MnO, 

Permanganic add (1) Mn^O,. 

The Unoxide of manganic is the chief form in which this meted is found 
in nature, and is the source from which all other compounds of manganese 
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an obtained. Its chief mineial fonn is pyroludte, Tduch foims steel-grey 
prismotio cryst ^; but it is also found amorphous, as jpdUmelane, and in 
the hydrated state as wad. In commerce pyrolusite is known as black 
manganese, or simply manganese, and is largely imported firom Germany, 
Spain, &c., for the use of ^e manufacturer of bleaching-powder, the glass^ 
maker, &e. It is also used as a cheap source of oxygen, which it evolves 
when heated to redness, leaving the red oxide of manganese^ Mn^O^ 
The binoxide of manganese is an indiffermit oxide, and does not combine 
with acids; wIen heated with strong sulphuric acid, it loses half its 
oxygen, and forms the protoxide of manganese, which is a powerful base, 
and combines with the sulphuric acid to form sulphate of manganese— 

MnOg + HjO.SOj - MnO.SOg + HjO + 0. 

Since the natural binoxide contains peroxide of iron, some persulphate of 
iron is formed at the same time; but if the mixture be dried and heated to 
redness, the iron-salt is decomposed, evolving sulphuric acid, and leaving 
peroxide of iron; while the protoxide of manganese, being a stronger base, 
does not abandon its sulphuric acid; and the sulphate of manganese may 
be dissolved out of the mass by treatment with water. On evaporating 
the solution, and allowing it to cool, it deposits light pink crystals of sul¬ 
phate of manganese, MnO.SOa.HjO.4Aq. 

This salt is employed by the dyer and calico-printer in the production 
of black and brown colours. When a solution of sulphate of manganese 
is mixed with solution of chloride of hme (p. 151), it-gives a black pre¬ 
cipitate of hydrated peroxide of manganese— 

2(MnO.SOj) + CaO.CljO + 2CaO = 2MnOj + 2 (Ca 0 .S 03 ) -f- CaCl,. 

By decomposing a solution of sulphate of manganese with potash or soda, 
a white precipitate of hydrated protoicide of manganese is obtained, which 
becomes brown when exposed to the ah, absorbing oxygen, and becoming 
converted into the hydrated sesquioxide of manganese. 

If solution of sulphate of manganese be mixed with carbonate of soda, 
a white precipitate of carbonate of manganese^ 2(MnO.COj).HjO, is 
obtained. The pink crystallised mineral manganese ^ar consists of 
carbonate of manganese (MnO.CO,). 

Protoxide of manganese (MnO) itself is obtained as a green powder 
by heating carbonate of manganese in. a tube through which hydrogen is 
passed to exclude the air, which would convert the protoxide into red 
oxide (MiigOj). The protoxide has been obtained in t^sparent emerald- 
green crystals. 

Sesquioxide of manganese, crystallised in octahedra, forms the mineml 
hraunite, and, in combination with water, the prismatic ciystals of man- 
ganite (Mn.O3.HjO), which often occurs in the commercisd ores of man¬ 
ganese. The sesquioxide is a weak base, dissolving in acids to form deep 
red solutions, wMch evolve oxygen when heate^ leaving salts of the 
protoxide of manganese. The sulphate of sesquioxide of manganese 
combines with sulphate of potash to fonfl manganesoalum EljO.SOg, 
M;n,0,.SS0,.24Aq., corresponding in crystalline form, as in composition, 
to alumina-alum. When binoxide of smanganese in minute quantity is 
added to mel^ glass, it imparts a p^le colour, which is ^bably due 

the formation of a silicate of sesquioxide of manganese, j^e amethyst 
Is bdleved by some to owe its colour to the same cause. 

Qxi^ of manganese (MugOj) is the most stable of the oxides 
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of this metal, and is fbmed when either of tho others is heated in air. 
Thus obtained, it has a brown or reddish colour ; but it is >fouhd in 
nature as the black mineral haumannite. In composillon it resembles 
the magnetic oxide of iron, but it seems probable that its true formula is 
2!MhO.MnO„ for when treated with diluted nibic acid it leaves the' 
black hydrate binoxide. 

When a compound containing manganese, in however small a qnanti^, is fhsed 
on a piece of platinum foil with carbonate of soda (fig. 127), a mass of manganate 
of Booa (IS'aglAaO^) is formed, which is green while hot, and becomes blue on cooling. 
The oxjfgen required to convert the lower oxides manganese into manganic amd 
has been absorbed from the air. 

Manganic acid is obtained in combination with potash, by mixing 
finely powdered binoxide of manganese ioto a paste with an eqt^ weight 
of hydmte of potash dissolved in a little water, drying the paste, and 
heating it to dull redness in a glass tube, through which oxygen is passed 
as long as it is absorbed. When the mass is treated with a little cold 
water, it gives a dark emerald-green solution, and by evaporating this 
over oil of vitriol, in vacuo, dark-green cryst^ of manganate of potash 
(KjMnOJ are formed, which have the same crystalline form as those of 
sulphate of potash. These crystals dissolve unchanged in water contain¬ 
ing potash I but when dissolved in pure water, they yield a red solution 
of permanganate of potash, and a precipitate of binoxide of manganese— 

3 (K, 0 .Mn 03 ) 4- 2H,0 = Kp.Mn.O, + MnO, + 2{K,0.H,0), 

The change is more completely effected by adding a little free acid, even 
carbonic acid. The changes of colour thus produced have acquired for 
the manganate of potash the name chameleon mineral. The solution of 
manganate of potash (containing free potash) is very easily decomposed 
by substances having an attraction for oxygen. Thus, most organic sub¬ 
stances abstract oxygen from it, and cause the separation of brown sesqui- 
oxide of manganese; filtering its solution through paper will even effect 
this change. The offensive emanations from putrefying organic matters 
are at once oxidised and rendered inodorous by manganate of potash oi 
soda. 

^ Mangandte of soda (NajMnOJ obtained by heating binoxide of man¬ 
ganese with hydmte of soda, under free exposure to air, is employed in a 
state of solution in water, as Condy's gr^ disinfectant fluid. It is also 
used as a bleaching agent, and in the preparation of oxygen at a cheap 
rate . 

*T.'he temporary formation of manganic acid affords a probable explana¬ 
tion of the effect of binoxide of manganese in facilitating the disengage¬ 
ment of oxygen from chlorate of potash (p. 31). 

Permanganic acid has been obtained in a hydrated crystallme state by 
decomposing the permanganate of baryta with sulphuric acid, and evapo¬ 
rating the solution in vacuo. It is a brown substance, easily dissolving 
In water to a red liquid, which is decomposed at about 90" F., evolving 
oxygen, and depositing li^o^de of manganese. 

Permanganate of potash, (KjO.MujO,, or KMnO J, is largely used in 
many chemical operations. In order to prepare it, 4 parts of finely 
powdered binoxide of manganese are intimately mixed with parts of 
chlorate of potash, and* 6 ports of hydrate of potash dissolved in a very 
little water. The pasfy mass is (Med, and heated to dull redness for 
some time in an iron tray or earthen crucible. The oxygen derived from 
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tW ohlotate of potash converts the hinoxide of manganese into mwganic 
acid| whi(^ combines with the potash of the hydrate. On treating the 
cold mass with water, the mangonate of potash is dissolved, forming a 
iWk-green solntion. This is diluted with water, and a stream of carbonic 
acid gas passed through it as long as any change of colour is observed; 
the carbonic acid combines with the excess of potash, the presence of 
which conferred stability upon the manganate, which is then decomposed 
into permanganate of potash and binoxido of manganese. The latter is 
allowed to settle, and the clear red solution poured off and evaporated to 
a small bulk. On cooling, it deposits prismatic crystals of the permanga¬ 
nate of potash (KjjO.MngO,), which are red by transmitted light, but 
reflect a dark-green colour. The carbonate of potash, being much more 
soluble in water, is left in the solution. Permanganate of potash is 
remarkable for its great colouring power, a very small quantity of the 
salt producing an intense nur g^ish-red colour in a large quantity of water. 
Its solution in water is very easily decomposed by substances having an 
attraction Cor oxygen, such as sulphurous acid or a ferrous salt, the 
permanganic acid being reduced to protoxide of manganese, so that the 
solution becomes colourless. If a very small piece of iron wire be 
dissolved in diluted sulphuric acid, the solution of ferrous sulphate so 
produced will decolorise a large volume of weak solution of the permanga¬ 
nate, being converted into ferric sulphate— 

+ 10(FeO.SO,) 4- 8 (H, 0 .S 03 ) = 

Kp.SOj + 2(Mn0.803) -h 5 ( 1 x 03 . 3803 ) + 811,0. 

This decomposition forms the basis of a valuable method for determin¬ 
ing the proportion of iron in its ores. 

Many organic substances are easily oxidised by p ermangan ate of potash, 
and th^ is the case especially with the offensive emanationsTfom pulres- 
cent organic matter. Hence it is extensively used, under the name of 
Condtfe red diMnfecting fluid, in cases where a solid or liquid substance 
is to be deodorised. 

226. Chlorides of manganese .—^There appear to be three compounds of 
manganese with cldorine, corresponding to three of the oxides, viz., 
MnCljjMnjClg and MnCl^; but only the first is obtainable in the pure 
state, the others forming solutions, which are easily decomposed with 
eyolation of chlorine. 0. (/, ( Mh'/, + , ,, 

protoMyride of mangmiese (MnCl,) is obtained in large qnanfi^'TlS? a waste 
product in the preparation of chlorine, for the manufacture of bleaching-powder. 
Since there is no useful application for it, the manufacturer rometimes reconverts 
it into the black oxide. As the native binoxide always contains iron, the liquor 
obtained by treating it with hydrochloric acid contains sosqnichloride of iron (Fe,Cl,) 
mixed with chloride of manganese (MnClj). In order to separate "tihe iron, advan¬ 
tage is taken of the circumstance that set^uioxides are weaker bases than the 
protoxides, so that if a small proportion of lime be added to the solution, the iron 
may be precipitated os sesquioxide, without decomposing the chloride of manganese— 

Fe,^^ + 8CaO = Fe 303 + SyDaClj, 

The solution of chloride of manganese is then mixed with chalk, and subjected to 
, the action of steam at a pressure of about two atmospheres. Carbonate of manganese 
»is precipitated ( MnCl, + CaO.CO, = CaCL + MnOjCO,), and when this is dried 
and heated to about obO” in a*c5Srent of WlSht air,“tETcarbonic acid is expelled, 
and a large proportion of the oxide of mangmtese is converted into binoxide, which 
ma be em^oyed amdn lor the preparation of chlorine. ^ 

Recording to WSdhn’s process (page 145), the iron is precipitated as peroxide 
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by adding cbalk, irhicb loaves tbe manganese in solntion: an^aieeM of 
added end ai r blown throngb the mifflre at about IS O* F.. 
tate of MnO, 'lormea' ai" ftnC! ''£lmorbSI (fie oxy^ n black compound of 

MnOg with lime which is used over again for the preparation of chlorine. Unless 
the lime is added in excess, only MnO.MnO, is formed, so that the excess of lime 
displaces the MnO and allows it to be converted into MnOg. In anotW process, 
Weldon employs magnesia instead of lime, with the view of adlerwards recovering the 
chlorine from the chloride of magnesium, in the form of hydrochloric acid (see 
p. 282), and using the magnesia over again. 

Bv dissolving permanganate of potash in oil of vitriol, and adding fra^ents of 
fused chloride of sodium, a remarkable greenish-yellow gas is obtained, which gives 
pui^le fumes with moist air, and is decomposed by water, welding a red solntion 
which contains hydrochloric and permanganic acids. It, therefore, must contain 
manganese and chlorine, and is sometimes regarded as the perchloride (MnCl^) 
corresponding to permanganic acid ; but it is more probably au oxychloride of man¬ 
ganese (see Ohiorochromic acid). Care is required in its preparation, which is some¬ 
times attended with explosion. 


COBALT. 

Co" = 69 parts by weight. 

227. Some of the compounds of cobalt are of considerable importance 
in tbe arts, on account of their brilliant and permanent colours. It is 
generally found in combination with arsenic and sulphur, forming tin- 
white cubalty CoAs^ and cohalt glance, CoASj.CoSj, but its ores also gene¬ 
rally contain nickel, coi>per, iron, manganese, and bismuth. 

The metal itself is obtained by strongly Ixeatiiig tbe oxalate of cobalt 
(CoCgO^) in a covered porcelain crucible. In its properties it closely 
resembles iron, but is said to surpass it in tenacity. 

Two ojcidcs of cohalt are known—^tbe protoxide, CoO, which is de¬ 
cidedly basic, and tbe sesquioxide, CojOj,, which is a very feeble base. 
The protoxide of cobalt, like those of iron and manganese, tends to absorb 
oxygen from tbe air, and when heated in air, becomes converted into 
CoO.COjOg, corresponding to the magnetic oxide of iron. The commercial 
oxid 9 of cobajlt. which is empW^for jpaijitmg on porcelain, is obtained 
by roasting the ore, in or3iOTTO*expel part oi the sulphur and arsenic, 
dissolving it in hydrochloric acid, and precipitating tbe sesquioxide of iron 
by the careful addition of lime, when tbe remaining arsenic is also pre¬ 
cipitated as arseniate of iron. Hydrosulpburic acid is passed through the 
acid solution to precipitate tbe bismuth and copper, leaving the cobalt 
and nickel in solution. Tbe latter having been boiled to expel tbe excess 
of hydrosulpburic acid, is neutralised wili lime and mixed with solution 
of chloride of lime, which precipitates the sesquioxide of cobalt as a black 
powder, leaving tbe oxide of nickel in solution, from which it may be pre¬ 
cipitated by tbe addition of lime. 

Tbe salts of oxide of cobalt have a fine red colour in the hydrated state, 
or in solution, but are generally blue when anhydrous. The silicate of 
cobalt associated with silicate of potash forms the blue colour known as 
smalt, which is prepared by roasting the cobalt-ore, so as to convert the 
bulk of the cobalt into oxide, leaving, however, a considerable quantity 
of arsenic and sulphur stil) in the ore. Tlie residue is then fused in a 
crucible with ground quartz and carbonate of potash, when a bine glass 
is formed, containing silicate of cobalt and silicate of potash, whilst tii6 
iron, nickel, and copper, combined with arsenic and sulphur, collect at 
the bottom of the crucible and form a fused mass of xneteWc appearance 
known as speiss, which is employed as a source of nickel. The Mue ^ass 
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is pouzed into cold water, so that it may he more eanly reduced to the 
fine powder in which the smalt is sold. If the cohalt^re destined for 
smalt he over roasted, so as to convert the iron into oxide, this will pass 
into the smalt as a silicate, injuring its colour. 

Zaffre is prepared hy roasting a mixture of cohalt^re with two or three 
parts of sand. 

Th&mrtVa blue consists of phosphate of cohalt and phosphate of alumina, 
and is prepared hy mixing precipitated alumina with phosphate of cohalt 
and calcining in a covered crucihle. The phosphate is obtained hy preci¬ 
pitating a solution of nitrate of cohalt with phosphate of potash or soda. 

Einman’s green is prepared hy calcining the precipitate produced hy 
carbonate of soda in a mixture of sulphate of cohalt with sulphate of zinc. 
It is a compound of the oxides of cohalt and zinc. 

Chloride of cobalt (CoClj), obtained hy dissolving oxide of cohalt in 
hydrochloric acid, forms red hydrated crystals, which become blue when 
their water is expelled. If strong hydrochloric acid he added to a red- 
solution of this salt, it becomes blue j if enough water he now added to 
render it pink, the blue colour may be produced at pleasure by boiling, 
the solution first passing through a neutral tint. Chloride of cobalt is 
employed as a sympathetic ink, for characters written with its pink solu¬ 
tion ate nearly invisible till they are held before the tire, when they 

I become blue, and resume their original pink colour if exposed to the air; 
a little chloride of iron causes a green colour. 

The sulphide of cohalt (CoS) is obtained as a black precipitate when 
on alkaliae sulphide is added to a solution of a salt of cobalt. A sesqui- 
mlpMde (CojjSj) is found in grey octahedra, cobidt pyrites. The Umd- 
phide (CoSj) has been obtained artificially. 

When ammonia in excess is added to a solution of a salt of cobalt, a 
deep red liquid is produced, whicli rapidly absorbs oxygen from the air, 
especially if hydrochlorate of ammonia be present, giving rise to the pro¬ 
duction of some remarkable and complex bases which contain the elements 
of ammonia and of difiereut oxides of cobalt. 

NICKEL. 

Ni" - 59 parts by weight. 

228. Nickel owes its value in the useful arts chiefly to its property of 
imparting a white colour to the alloys of copper and me, with which it 
.forms the alloy known as German silver. Nickel is very nearly allied to 
cobalt, and generally occurs associated with that metal in its ores. One 
of the principal ores of nickel is the Ktipferniclicl or copper-nickel, so 
called by the German miners because they frequently mistook it for an 
ore of copper j it has a reddish metallic appearance, and the formula 
NiAs. Grey nkkel ore or nickel glance is an arseniosulphide of nickel, 
NiA8j.NiSj.^ Arsenical nickel, NiAsj corresponds to tin-white cobalt. 
The melal is commonly extracted from the speisa sepamted during the 
preparation of smalt from cobalt-ores (p. 327); the oxide of nickel pre-. 
(lared hy the method described above, when* strongly heated in conteict 
yrith charcoal, yields metallic nickel containing carbon. 

The pure metal is obtained hy igniting the oxalate, as in the case of 
cohaltj which it much resembles in properties. 

^^6 (xcides of niekd correspond in composition to those of cobalt. The 
salts formed ^ oxide of nickel (NiO) are usually green, and give 
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'bright green solutions. The hydrated oxide has a chaiacteristio apple- 
green colour, and does not absorb oxygen from the air like the hydrated 
oxide of cobalt. The greater facility with which the latter is conyertod 
into sesquioxide has been applied (as above described) to effect the separa¬ 
tion of the two metals. Oxide of nickel has been found native in octa¬ 
hedral crystals, which have a^ been obtained accidentally in a copper- 
smelting furnace. 

Sulphate of nickel {NiO.SOj.HjO. 6Aq.) forms fine green prismatic 
crystals, the water of constitution in which may be displaced by sulphate 
of potash, forming the double mlphaie of nickel andpotash^ NiO.SO,, 
(B[j0.S08.6Aq.), which crystallises so readily that it was at one time the 
form in which nickel was separated from the other metals present in 
its ores. 

Three mdphidea of nickel are known—a eubmlphide, Ni^S ; a proto- 
mlphide, NiS, found native as capillary pyrites, and obtained as a black 
precipitate by the action of an alkaline s^phide upon a salt of nickel; 
and a bisulphide, NiSj. 


CHROMIUM. 

Cr = 62*6 parts by weight. 

229. This metal derives its name from colour, in allusion to the 

varied colours of its compounds, upon which their uses in the arts chiefly 
depend. It is comparatively seldom met with, its principal ore being the 
chrotm-iron ore (FeO.CrjO,), w'hich is remarkable for its resistance to the 
action of acids and other chemical agents. It is chiefly found in Sweden, 
Russia, and the United States, and is imported for the manufacture of 
bichromate of potash (Kj 0 . 2 Cr 03 ), which is one of the chief commercial 
compounds of chromium. The ore is first heated to redness and thrown 
into water, in order that it may be easily ground to a fine powder, which 
is mixed with carbonate of potash, chalk being added to prevent the fusion 
of the mass, and strongly heated in a current of air on the hearth of a 
reverberatory furnace, the mass being occasionally stirred to expose a 
fresh surface to the air. The oxide of iron is thus converted into sesqui¬ 
oxide, and the sesquioxide of chromium (CrjOg) also absorbs oxygen from 
the air, becoming chromic acid (CrO.,)„which combines with the potash 
to form chromate of potash (KjO.CrOj). Nitre is sometimes added to 
hasten the oxidation. On trcating the mass with water, a yellow solu¬ 
tion of chromate of potash is obtained, which is drawn off fi’om tho 
insoluble residue of sesquioxide of iron and lime, and mixed with a 
slight excess of nitric acid-^ 

2(K,O.CrO.O + HjO.NA = Kj0.2Cr0, + KjO.NjO, + HjO. 

Chromate df Bichromate of 

potash. potash. 

The solution, when evaporated, deposits beautiful red tabular crystals of 
bichromate of potash, which dissolve in 10 parts of cold water, forming 
an acid solution. It is from this salt that the other compounds of 
chromium are immediately derived. 

Metallic chromium has received no useful application. It has been 
obtained in octahedral crystals by the action of sodium on sesquichloride 
of chromium, and in a pulverulent state by the action of potassium. In 
the latter condition it is easily acted on by acids, but the crystallised 
chromium is insoluble even in nitrodiydrochloric acid. Like aluminum, 
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a is nuxee easilj Bracked bj hjdratod alkalies at a high temperatuie, 
swl^viBg hydrogen and producing chromates. It is remarkably infusible. 

230. Oxides op Chromium. —Two oxides of chromium are known in 
the separate state—the sesquioxide, CrjO,, and chromic acid, CrOj. Pro¬ 
toxide of chromium (CrO) is known in the hydrated state, and perchromic 
add (Gr,0,) is believed to exist in solution. 

Chromic acid, the most important of these, is obtained by adding to 
one measure of a solution of bichromate of potash, saturated at 130° F., 
one measure and a-half of concentrated sulphuric acid, by small portions 
at a time, and allowing the solution to cool, when chromic acid crystallises 
out in fine crimson needles, which are deliquescent, very soluble in water, 
and decomposed by a moderate heat into oxygen and sesquioxide of 

/ chromium. Chromic acid is a powerful oxidising agent; most organic 
substances, even paper, will reduce it to the green sesquioxide of chromium. 
A mixture of bichromate of potash and sulphuric acid is employed for 
^ bleaching some oils^ the colouring matter being oxidised at the expense of 
the chxonucam, anSt’sulphate of sesquioxide of chromium produced— 

Ks0.2Cr0s 4(H,0.S03) = K^O.SOs + Cr,0,.3S03 + 0, + 4H,0. 

' The bichromate itself evolves oxygen when heated to bright redness, being 
first fused, and afterwards decomposed— 

2 (K, 0 . 2 Cr 03 ) = 2(K,O.CrO,) + Crp^ 0^. 

Neutral chromate of potmh (K,O.CrOj^ is formed by adding carbonate 
of potash to the red solution of bichromate of potash until its red colour 
is changed to a fine yellow, when it is evaporated and allowed to 
crystallise. It forms yellow prismatic crystals having the same form as 
those of sulphate of potash, and is far more soluble in water than the 
bichromate, yielding an alkaline solution. It becomes red when heated, 
and fuses without decomposition. 

Terchromate of potash (K^O.SCrQj,) has been obtained in red crystals 
by adding nitric acid to the bichromate. 

Chrorm-yellow is the chromate of lead (PbO.CrOj), prepared by mix¬ 
ing dilute solutions of acetate of lead and chromate of potash. It is 
largely used in painting and calico-printing, and by the chemist as a 
source of oxygen for the analysis of organic substances, since, when heated, 
it fuses to a brown mass, which evolves oxygen at a red heat. Chrome- 
yellow being a poisonous salt, its occasional use for colouiing confectioneiy 
is very objectionable. Chromate of lead in prismatic crystals forms the 
rather rare red lead ore of Siberia, in which chromium was first discovered. 

Orange chrome is a basic chromate of lead (2PbO.CrOj), and may be 
obtained by boiling the yellow chromate with lime— 

2 (Pb 0 .Cr 03 ) + CaO = 2PbO.CrO, + CaO.CrO,. 

The calico-printer dyes the stuff with yellow chromate of lead, and con¬ 
verts it into orange chromate by a bath of lime-water. 

The colour of the ruby (ciystallised alumina) appears to be due to the 
presence of a small proportion of chromic acid. 

. Sesquioxide of chromium (CrjOg) is valuable as a green colour, especially 
for glass and porcehun, since it is not decomposed by heat. It is prepared 
by beating bichromate of potash with one-fourth of its weight of starch, 
1h«^»rbon of which deprives the ebzomio acid of half its oxygen, leaving 
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B mixture of sesquioxide of chromium with caorlxmate of poisash, whkih may 
he xmnoved by washing with water. If sidphur be substituted for 
the starch, sulphate of potash will be formed, which may also be 
removed by water. When the sesquioxide of chromium is strongly 
heated, it exhibits a sudden glow, becomes darker in colour, and in¬ 
soluble in acids which previously dissolved it easily; in this respect 
it resembles alumina and sesquioxide of iron. like these oxides, the 
sesqriioxido of chromium is a feeble base; it is remarkable for forming 
two classes of salts containing the same proportions of acid and base, but 
differing in the colour of tlieir solutions, and in some other properties. 
Thus, there are two modifications of the sulphate of sesquioxide of 
chromium —the green sulphate, CrjjOg.3SOj.5Aq., and the violet sul¬ 
phate, Crj, 03 . 3 S 0 g.l 6 Aq. The solution of the latter becomes green 
when boiled, being converted into the former. Chrome-alum forms' dark 
purple octahedra (Kg 0 .S 03 ,Crg 03 . 3 S 0 a. 24 Aq.) which contain the violet 
modification of the sulphate,* and if its solution in water be boiled, 
its purple colour changes to green, and the solution refuses to crystallise.* 
The anhydrous sulphate of chromium forms red crystals, which are inso¬ 
luble in water and acids. A green basic horate of sesquioxide of chromium 
is used in painting and calico-printing, under the name of vert de Gv/ignety 
and is prepared by strongly heating bichromate of potash with 3 parts of 
crystallised boracic acid, when borate of potash and borate of chromium 
are formed, half the oxygen of the chromic acid being expelled. The borate 
of potash and the excess of boracic acid are afterwards washed out by 
water. By reducing an alkaline chromaie with hyposulphite of soda, the 
compound CrgOg.CrOj has been obtained as a brown precipitate. 

Protoxide of chromi%m (CrO) is not known in the pure state, but is 
precipitated as a brown hydrate when protocldoride of chromium is 
decomposed by potash. It absorbs oxygen even more readily than protoxide 
of iron, becoming converted into a hydrated proto-sesquioxide of chromium 
(CrO.CrgOj), corresponding in composition to the magnetic oxide of iron. 
The protoxide of chromium is a feeble base j a double sulphate of protoxide 
of chromium and potash (CrO.SO 3 ,Kg 0 .SO 3 . 6 Aq.) is known, which has the 
same ciystallino form as the corresponding iron salt (EeO. S0g,Xj,0. S Oj. 6 A q.) j 
it has a blue colour, and gives a blue solution, which becomes green when 
exposed to air, from the formation of sesquioxide of chromium. 

Perchromic acid (HOrO^, or HjO-CrjO,), is bcheved to exist in the blue 
solution obtained by the action of peroxide of hydrogen upon solution of 
chromic acid, but neither the acid nor its salts have been obtained in a 
separate state. 

231. Chlorides of chromium .— ^The sesquichloride of chromium (Crjda), obtaised by 
passing dry chlorine over a mixture of sesc[uioxide of chromium with charcoal, 
heated to redn^ in a gloss tube, is converted into vapour, and condenses imon 
the cooler part of the tube in shining leaflets, having a fine violet colour. Cold 
water does not atfect them, hut boiling water slowly dissolves them to a green solu¬ 
tion resembling that obtained by dissolving sesquioxide of chromium in hydrochloric 
acid. 

FrdockUnidx of chromium ^rCl,) results from the action of hydrogen, at a red heat, 
upon the sesquichloride. Sti^ge to say, it is white, and dissolves in water to form 
a We solution which absorbs oxygen from the air, becoming green. It is remark¬ 
able that if the violet sesquichloride of chromium is suspended in water, and a 
minute quantity of protochloride added, the sesquichloride immediately dja- 
solves to a green solntion, evolving heat. 

Ohlorochromic acid {CrOjOIj) is a very remarkable brown-red liquid, obtained by 
• Exposure to cold, it is said, again converts it into the crystalUsable violet form. 



m 


GENSlUL SEVlEW Of THE IBOK GBOUP. 


ditHlHag 1<^ parts of common salt and 17 of bicliromaifi of pota^ previooaly faced 
togetlier and orokea into fragments, wifk 40 parts of oil of ntriol— 

KjO.aCrO, + 4NaCl+8{H,O.SO,)=KjO-SO,+2<NajO. SO,)+8H,0+aCrOjCl,, 

It maok resembles bromine in appearance, and frimes veiy strongly in air, the mok< 
tore of which decomposes its red vapour, forming chromic and hydroidiloric acids; 
CrOgC^+HjOsCrOs+aHCl It is a very powerful oxidising and chlorinating 
agent, and inflames ammonia and alcohol when brought in contact with them. 

It is ocoasioniilly used to illustrate the nature of illuminating flames; for if 
hydrogen be passsd through a bottle containing a few drops of chlorochromio acid, 
the gas becomes charged with its vapour, and, if kindled, bums with a brilliant 
white flame, wMch deposits a beautiful green film of eosquioxide of chromium upon 
a cold surface. 

The name oxytMoride of (^romiun, applied to this comjMund, is more correct than 
chlorochromio acid, for it is not known to form salts. When chloro^romic acid is 
heated, in a sealed tube, to 370” F., it is converted into a black solid body, according 
to the equation 3Cr0,Cl,ssCl4 + CrCl,. 2 Cr 03 .” 

Flmnde of idiromiuin (CrF,) is another volatile compound of chromium, obtained 
by distilling chromate of lead with floor spar and sulphuric acid; it is a red gas, con¬ 
densible to a red litpiid at alow temperature. Water decomposes it, yielding chromic 
and hydrofluoric acids. 

Sesquisulphide of chromium (CijS,) is formed when vapour of bisulphide of carbon 
is passed over sesquioxide of cmomium heated tu redness. It forms black lustrous 
ecalea resembling graphite. 

» 

^ 232. ifmeral review of zinc, iron, cobalt, nickel, manganese, and chro¬ 
mium .—^Many points of resemblance will have been notic^ in the chemical 
histoiy of these metals to justify their being classed in the same group. 
They are jJLeapahle of decomposing water at a red hea t, and easily dis¬ 
place hydrogen from hydrochloric acid. Each forms a base by 

combining with one atom of oxygen, and these oxides produce salts which 
have the same crystalline form. .^11 these oxides, except those of zinc 
and nickel,., easily absorb oxygon from the air, and are converted into 
sesquioxides. Zinc does not form a sesquioxide, and the sesquioxide of 
nickel is an indifferent oxide, while that of cobalt is very feebly basic j 
the sesquioxide of manganese is a stronger base, and the basic properties 
of the sesquioxides of chromium and iron are very decided. Zinc and 
nickel do not exhibit any tendency to form a well-marked acid oxide, but 
the existence of an acid oxide of cohalt is suspected; and iron, manga¬ 
nese, and chromium form undoubted acids with three equivalents of 
oxygen. Zinc and nickel are only known to form ono compound with 
ebbrine; cohalt and manganese form, in addition to their protochlorides, 
very unkable sesquichloiides known only in solution, but iron and 
ebnemium form very stable volatile sesquichlorides. The metals com- 
podug this group axe all bivalent or diatomic,* and are found associated 
in natural minerals; this is especially the case with iron, manganese, 
wbalt, and nickel They are all attracted by the magnet, with the 
exception of zinc, and, with the same exception, require*a very high 
teinpertilnire for their fusion. Through zinc, the metals of this group are 
conftfected with magne^um, which resembles it m volatility, in comhus- 
Uldlity, and in the'Ciystalline form of its salts. Iron smd chromium con¬ 
nect group with ^uminum, their ^squioxides being isomorphous with 
alumina, and their sesquichlorides voktile like that of aluminum. 

* Chrcaaium, like itou, is tiiatomlo in the sesqaiuxides and the compouiids derived firom 
it, and, in chroa>ic acid, it muat be regarded' as hexatomic. 
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COPPER. 


On' = fi8‘6 parts by weight. 


233. Metallic copper is met with in nature more abundantlj than 
metaXli^ iron, though the compounds of the latter metal axe of more fre¬ 
quent occurrence than those of the former.* A Tery important vein of 
metallic copper, of excellent quality, occurs near Lake Superior in 14orth 
America, ^m which 6000 tons were extracted in 1858. Metallic copper 
is also sometimes found in Cornwall; and copper sand, containing TnAtallic 
copper and quartz, is imported from Chili 


234, Ores of copper .—^The most important English ore of copper is 
^coppe^'pyriteSf which is a double sulphide, containing copper, iron, and 
sulphur in the proportions indicated by the formula CuEsS*. It may be 
known by its beautiful brass yellow colour and metallic lustre. Copper 
pyrites is found in Cornwall and Devonshire, and is generally associated 
with arsenical pyrites (F eS,.F eAs^, tinstone (SnOg), quartz, fluor spar, 
and clay. A very attractive variety of copper pyrites is called variegated 
copper ore or peacock copper, in allusion t o its rainbow colo urs j its 
simplest formula is CUgFeS^. This variety islbunU in CornwaSTand KU- 
lamey. 

Copper glance (Cu.8 J is another Cornish ore of copper, of a dark grey 
■Colour and feeble metallic lustre. 

Grey copper ore, also abundant in Cornwall, is essentially a compound 
the sulphides of copper and iron with those of antimony and msenic, 
but it often contains silver, lead, ziTi n j and iioin e tinifiH tuftTmuy. 

^ Md^^diite, a basic carbonate of copper, is imported firom Australia 
(Burra Burra), and is also found sibnndantly in Siberia. Green malachite, 
the most beautifully veined ornamental variety, has the composition 
CuOjCOj^C^O.HA Mid blue malachite is 2(CuO.COj).CuO.HjO. 

copp&f (fr^Caf)) is found in West CornwaU, and the black oxide 
•^(CuO) is abimdant in the north of ChilL 


235. The seat of English copper-smelting is at Swansea, which is 
siti^ted in convenient prox imity to jiho ^yttoacite poa l employed in the 
furnaces. The chemical process by which copper is extracted from the 
ore includes three distinct operations :—(1), The roasting, to expel the 
arsenic and part of the sulphur, and to convert the sulphide of iron into 
oxide of iron \ (2), the fusion with silica, to remove the oxide of irma as 
silicate, and to obtain the copper in combination with sulphur only; and 
(3), the roasting of this combination of copper with sulphur, in order to 
expel the latter and obtain metallic copper. 

The details of the smelting process appear somewhat complicated, 
because it is divided into sevei^ stages to allow of the introduction of the 
different varieties of ore to be treated. Thus, the first roasting process is 
unnecessary for the oxides and carbonates of copper, and the fusion with 
ailina is not needed for tlibse ores which are free from iron, so that they 
may be introduced at a later stage in the operations. 

(1.) Calcining or roasting the ore, to expel arsenic and part of the 


* Ckmper is not at all frequently found in aniinids or vegetables ; bat Qinvcb has made 
tbe remarkable observation that the red colouring matter Ttoroctne) of the featttem of the 
plantain-eater {tmmwo) conti^s as much as 5*9 pa cent, of copper. 
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n^^ur ,—OTes liAving been w^Med, find broken, into tnnall pieces, aro 
mixed eo as to contain il^m per cent of copper, and roasted, in 



Fig. 255. 
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quantilaes of about three tons, for at least twelve hour% on the spacious 
hearth (H, fig. 266) of a reverberatory furnace (fig. 255), at a temperature 
insufficient for fusion, being occasionally stirred to expose them freely to 

the action of the air, which is admitted 
into the furnace through an opening (0) 

' in the side of the hearth upon which the 
ore is spread. The oxygm of the^air 
p converts a part of the smphurlhto sul- 
I phurons. acid gas, and the bulk of the 
i arsenic into arsenious acid, which passes 
off in the form of vapour. A part of the 
\ sulphide of iron is converted into sul¬ 
phate of iron by absorbing oxygen at an 
early stage of the process, and this sul¬ 
phate is afterwards decomposed at a 
higher temperature, evolving sulphurous and sulphuric acids, and leaving 
oxide of iron (see p. 322). A portion of the sulphide of copper is also; 
; converted into oxide of copper during the roasting, so that the roasted ore 
i consists essentially of a mixture of oxida- and 8ulph i d» -e f cop per with 
I ~"^phidn nfSince the sulphide of iron is more easily 

oxidised tha^ sulpliide of copper, the greater part of the latter remains 
unaltered in the roasted ore. 

During the roasting of copper ore,, dense white fumes escape from the 
furnaces. This eopper-smoke, es it is termed, contains arsenious, sulphur¬ 
ous, sulphuric, and hydrofluoric acids, the latter being derived from the 
flttor spar associated with the ore; if allowed to escape,‘these fumes 
seriously contaminate the air in the neighbourhood, and copper-smelters 
are endeavouring to apply some methpd of condensing, and perhaps turn¬ 
ing them to profitable acoeunt. 

{2.) Fusion for coarse metal, to remove the oMde ofhon hy dissolving it 
with silteie acid at a high terngterature. —^The roasted ore is now mixed 
^th msted itdg from process 4, and iint h ores coiitai ni M silicic ac id and 
oxides of co^r, Imt no sulphur; tBhnoSlfCcSeris mraMuceanteto the 
. orc-ha%ao6 (m. and fused for five hours at a higher temperature 
£baK;^at employed in th# previous opmtion. In this process fluut spar 
ie.BQn}etimffl pider to inerease the fiuidiiy' of the dag. 
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The oxide of copper acts upon the enlphide of iron still contidiied in 
the AMsted ore, with fi>rmsti^ of std^de of copper nttd oxide of iron; 
hut sinoe there is more sulphide of iioiir j^sent than ihe oxide of copper 
can decompose, the excess "of sulphide of iron combines with the 
sulphide of copper to form a 
fusible compound, which sepa¬ 
rates from the ida^ and col¬ 
lects in the form of a Tmtt or 
regulm of cmrae metalf in a 
cavity (G) on the hearth of the 
furnace; it is run out into a 
tank of water (T) in order to 
granulate it, so that it may be 
better fitted to undergo the next 
operation. 

The oxide of iron combines 
with the silicic acid contained 
in the charge, to form a fusible 
silicate of iron {ore-fumace 
slag), which is raked out into 
moulds of sand, and cast into 
blocks used for rough building 
purposes in the neighbourhood. 

The composition of the coarse 
metal corresponds pretty closely 


with the formula CuFeS- It 


Fig. 257. 


contains from 33 to 35 per cent, of copper; whilst the original ore, before 
roasting, is usually sorted so that it may contain about 8’5 per cent. 

The ore-furnace slag is approximately represented by the formula 
FeO.SiOj; but it contains a minute proportion of copper, as is shown by 
the green efflorescence on the walls in which it is used around Swansea. 
Fragments of quartz are seen disseminated through this slag. 


(3.) Calcination of the coarse metal, to cmiverl the gnater part of the 
sulphide of iroti into oxide. —The granulated coarse metal is roasted at a 
moderate heat for twenty-four hours, as in the first operation, so that the 
oxygen of the air may decompose the sulphide of iron, removing the sul¬ 
phur as sulphurous acid gas, and leaving the iron in the form of oxide. 

(4.) Fusion for white metal, to remove the whole of the iron as silicate. 
—The roasted coarse metal is mixed with roaster and refinery slags from 
processes 5 and 6, and with ores containing carbonates and oxides of 
copper, and fused for six hours, as in the second operation. Any sulphide 
of iron wliich was left unchanged in the roasting, is now converted into 
oxide of iron by the oxide of copper, the latter metal taking the sulphur. 
The whole of the oxide of iron combines with the silicic acid to form a 
fusible slag, the composition of which is approximately ropresent^ by the 
formula 3Fe0.2Si0j. ' 

The matt or regidns of white metal which coUects beneath the slag is 
nearly pure subsulphide of copper (GugS), half the sulphur existing in the 
protosulphide (GuS) having h^n removed by oxidation in the furnace. The 
white m^l is run into sand^moulds and cast into ingots. The tin and 
other foreign metals usually collect in the lower part of the ingots so Jbat^ 
for making best selected copper, the upper port is broken off and 
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s^patetely, the iufenor copper obtained firom ^he lower part of the ingot 
being temed tUe-copper, The ingots of wL * aoetal often contain heauti* 
fill tufts of metallic copper in the form Of copper moes. 

The idag separated from the white metal (imtalrBlap) is much more fluid 
than the ore-fumace slag, and contains so much silicate of copper that it 
is preserved for use in the melting for coarse m<etal. 

(6.) Boasting tlie white metal, to remove the sulphur and obtain blistered 
copper ,—The ingots of white metal (to the amount of about 3 tons) are 
^la^ upon the hearth of a reverberatory furnace, and heated for four 
hours to a temperature just below fusion, so that they may be oxidised at 
jthe surface, the sulphur passing off as sulphurous acid, and the copper 
^ing converted into oxide. During this roasting the greater part of the 
arsenic, generally present in the line metal, is expelled as arsenious acid. 
The temperature is then' raised, so that the charge may be completely 
fused, after which it is lowered again till the 12th hour. The oxide of 
copper now acts upon the sulphide of copper to form metallic copper and 
sulphurous acid gas, which escapes with violent ebullition from the 
melted mass; Cu^S + 2CaO = SOj + Cu*. When this ebullition ceases, 
'the temperature is again raised so as to cause the complete separation of 
the copper from the slag, and the metal is run out into moulds of sand, 
t Its name of blister copper is derived from the appearance caused by the 
lescape of the last portions of sulphurous add from the metal when solidi- 
jfying in the mould. 

The slag (roaster slag) is formed in this operation by the combination 
, of a part of the oxide of copper with silicic acid derived from the sand 
adhering to the ingots, and from the hearth of the furnace. The slag 
also contains the silicates of iron and of other metals, such as tin and lead, 
which might have been contained in the white metal. This slag is used 
again in the melting for white metal 

(6.) Bering, to remove foreign metals .—This process consists in slowly 
fusing 7 or"& tone of the blistered copper in a reverberatory furnace, so 
that the ai r p assing through the furnace may remove any remaining sul¬ 
phur as sulpS!iCt¥btis acid, and may oxidise the small qusmtities of iron, tin, 
lead, &c., present in the metal Of course, a large proportion of the 
copper is oxidised at the same time, and the suboxide of copper, together 
with the oxides of the foreign metals, combine with sQicic acid (&om the 
hearth or fivm adhering sand) to form a slag which collects upon the sur- 
&ce of the melted copper. A portion of the suboxide of copper is dis¬ 
solved by the metallic copper, rendering it brittle or dry copper. 
is 

(7.) Toughening or poling, to remove a part of the oxygen and bring the 
' copper to tough-pitch. —^A^r about twenty hours, the slag is Skilled 
from the metd, a quantity of anthracite is thrown over the surface to pre¬ 
vent further omdation, and the metal is poled, i.e., stirred with a pole of 


into ingota. 

The Chemical change during the polii^ appears to consist in the re^ 
moval (ff the oxygen contain^ in the suboxide present in the metal, by 
the reducing actioii of this combu^ble gases diswgaged fliom the wood, 
presence of a amaU prqp(»tion of suboxide of copper is said to confer 
fHMiter to'^^bea^ »ip<m the nietilVjKi that if the poling he continued until 
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the whole of the oxygen -^iipoYed, overtoiled c<^p^ of lower tenacity is 
obtamed. QQ,:ihe other h....^4'the brittleness of mderpoled copper is due 
to the j^reseRce of suboxide of copper in too lai^e proportion. Tough^ake 
copper IS that which has been poled to the proper extent. 

When the copper is intended for rolling, a small quantity (not exceed¬ 
ing ^ per cent.) ^ load is generally added to it before it is ladled into .the 
ingot moulds. 

The chemical changes which take place during the above processes will 
be more clearly understood after inspecting the subjoined table, which 
oxhibite the composition of the products obtained at different stages of the 
process, these being distinguished by the same numerals as were employed 
in the above description. 


Products obtained in smelting Ores of Copper. 


In 100 parts. 

Ore. 

Roasted 

Ore. 

Coarse 

MctaL 

Roasted 

Coane. 

Metal. 

While 

Metal. 

Blister 

Copper, 

Refined 

Copper. 

1 

Tough- 

pitch 

Copper. 

Copper, .... 

Iron. 

Sulphur, .... 
Oxygen, .... 
Silicic acid, . . . 

Sulphuric acid, 

8-2 

17-9 

19-9 

1-0 

34-3 

(1.) 

8-6 

17-6 

12-6 

4-6 

34-3 

11 

(2.) 

33-7 

33-6 

29-2 

(3.) 

33-7 

33-6 

130 

11-0 

(4.) 

77-4 

0-7 

21-0 

(5.) 

98-0 

0-6 

0-2 

(6.) 

99-4 

trace 

trace 

0-4 

(7.) ' 

99-6 ’ 
trace 
trace 
0*03 




Ore 

Furnace 

Slag. 

■ 

Metal 

Slag. 

Roaster 

Slag. 

Refinery 

Slag. 

i 

Oxide of iron (FcO), . . . 

Siiboxide of copper (Cujt)), 
Silicic acid,. 

• « 

• • 

(2.) 

28-6 

0-6 

80-0 

1 

(4.) 
56*0 
0-9 
83-8 

(5.) 

28-0 

10-9 

47-6 

16 .) 

31 

86-2 

47-4 

1 


Blue metal is the term applied to the regains of white metal (from process 4), 
when it still contains a considerable proportion of sulphide of iron, in cons^oenco 
of a deficient supply of oxide of copiter in the furnace. Pimple metal is obtained in 
the same oi)eratiou when the oxide of copper is in excess, so thot a jiortion of the 
copper is reduced, as in process 5, with evolution of sulphurous acid, which produces 
the pimply appearance in escaping. The reduced copper gives a reddish colour to 
the pimple eoppen Coarse coiper is a similar intermediate stage between white 
metd and blistered copper. Tile copper is that extracted from the bottoms of the 
ingots of white metal, when the tops have been detached for making best select 
copper. Bosette or rose copper is obtained by running water upon the toughened 
metal, so as to enable the metal to be removed in films. Anglesea or Mona copper is 
a very tough copper, reduced by metallic iron from the blue water of the copper 
mines, which contains sulphate of copper. 

236. For the purpose of illnstoation, copper may be extracted from copper pyrites 
on the small scale in the following manner 

200 grains of the powdered ore are mixed with an equal weight of dried borax, 
and fused in a covered earthen crucible (of about 8 oz. capacity), at a full ^ heat, 
for about half an hour. The earthy matters associated wjA the ore ore dissolved 
by the borax, and the purooopper pyrites collects at the botfbm of the cmciMe. The 
contents of vie latter are poured into an iron mould (scorifying mould, fig. 268), 
and when the mass has set, it is dipped into water. The semi-metallic button is 
then easily detached from the slag by a gentle Uowj it is weighed, finely powdered 
in an iron mortar, and introduced into an earthen crucible, which is placed obliquely 
over a dull fire, so that it may not become hot enough to fuse the ore, whidi shonM 
be stirred occasionally with an iron rod to promote the oxidation of the sulphur by 
the air, When the odour of sulphurous acid U ho longer perceptible, the crucible i» 

y 
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S laMd itt« Seftjtroirt’s blsst-ftirnace (% 254), «nd exposed for a fe«^iain\iteiito a white 
.eat, ift order to decompose thie eulpWtesof ironiw copper. Whea no more fames of 

snlphonc acid ore percdved, the era* 
cible is lifted from idle fire, field over 
the iron mortar, and the roasted ore 
qnic^j scraped out of it with a sted 
spatol^ Thm mixture of the oxides 
or copper and iron is reduced to a 
fine powder, mixed with 600 grains 
of dried carbonate of soda and 60 
grains of powdered charcoal, re- 
Fig. 258. turned to the same crucible^ covered 

with 200 grains of dried borax, 

and heated in a Sefstrom’s furnace for tv'enty minutes. The crucible is then > 
allowed to cool partly, plunged into water to render it brittle, and carefully broken 
to extract the button of metallic copper, which is weighed to ascertain the amount 
contained in the original ore. 



v/’SST. I^eet of impurities upon the ^tality of copper ,—^The information 
possessed by chemists upon this subject is still very limited. It has been 
already mentioned that the presence of a small proportion of suhoxide of 
copper in commercial copper is found to increase its toughness. It is 
b^eved that copper, perfectly free from metallic impurities, is not im¬ 
proved in quality % the presence of the suboxide, but that this substance 
has the efii^ of counteracting the red-shortness (see p. 313) of commercial 
copper, caused by the presence of foreign metals. 

Suiphur, even in minute proportion, appears seriously to injure the 
malleability of copper. 

Arsenic is almost invariably present in copper, very frequently amount¬ 
ing to O'l per cent., and does not appear to exercise any injurious influence 
in this proportion; indeed, its presence is sometimes stated to increase 
the malleability and tenacity of the metal. 

Pho^oruB is not usually found in the copper of commerce. When 
purposely added in quantity varying from 0'12 to 0‘5 per cent, it is found 
to increase the hardness and tenacity of the copper, though rendering it 
somewhat red-short. 

Tin, in minute proportion, is also said to increase the toughness of 
copper, though any considerable proportion renders it brittle. 

Antimony is a very objectionable impurity, and is by no means uncom¬ 
mon in samples of copper. , 

yieke^, is believed to injure the quality of copper in which it occurs. 

Bismuth and sUvei' are very generally found in marketable copper, but 
their effect upon its quality not been clearly determined. 

All impurities appear to affect the malleability and tenacity of copper 
more perceptibly at high th|tn at low temperaturea 

The cQi^uct^ powr of copper for electricity is affected* in an ex¬ 
traordinary degree % the presence of impurities. Thus, if the conducting 
power of chemically pure copper be represented by 100, that of the very 
pure njktive copper from Lake Superior has been found to be 93, that of 
the obppar extracted from the malachite of the Burra Burra mines in 
^u& 'Australia was 89, whilst that of Spanl^ copper, remarkable for 
containing much arsenic, was only 14. 

Pure eofppw is obtained by decomposwg a solution of pure sulphate of 
copper by the galymiic current, os ir. the eletstrofyp^ procets. If the 
ih^tive wire be ah^hed to A pc^p» piste immersed in the solution, the 
pure ctof^ed plate in a sheet. 
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238. Properties of copper ,—^The most prominent cliaracter -whicli 
confem upon copper to high a rank among the useful metals is its mal¬ 
leability, which dlows it to be readily fashioned under the hammer, and 
to be b^ten or rolled out into thin sheets; among the metals in ordinary 
use, only gold and silver exceed copper in malleability, and the com- 
paratiye scarcity of those metals leads to the application of copper fof 
most purposes where great malleability is requisite. 

Although, in tenacity or strength, copper ranks next to iron, it is BtiU 
very far inferior to it, for a copper wire of inch in diameter will support 
only 385 lbs., while a similar iron wire will cany 706 lbs. without 
breaking; and in consequence of its inferior tenacity, copper is less ductile 
than iron, and does not admit of being so readily drawn into exceedingly 
thin wires. 

The comparative ease with which copper may be fused, allows it to be 
cast much more readily than iron; for it will be remembered that the 
latter metal can be Uqueiied only by the highest attainable furnace heat, 
whereas copper can be fused at about 2000® F., a temperature generally 
spoken of as a bright red heat. 

As being the most sonorous of metals, copper has been, from time 
immemorid, employed in the construction of bells and musical instru¬ 
ments. The readiness with which it transmits electricity is turned to 
account in telegraphic communication, its conducting power being almost 
equal to that of silver, which is the best of electric conductors. In con¬ 
ducting power for heat, copper is surpassed only by silver and gold. 

Copper is not so hard as iron, and is somewhat heavier, the specific 
gravity of cast copper being 8'92, and that of hammered or drawn copper 


but in the 


8-95. 

The resistance of copper to the chemical action of moist air gives it a 
great advantage over iron for many uses, and the circumstance that it does 
j not d miompose water in pre s ence of acids /^^enables it to be employed as 
I the negative plate in galvanic^couples. y . 

239. Effect of sea-^mter upon copp^ -- is placed in a 

solutjpn of salt in water, no perceptibra . t .’rio' 
course of time, if the air be allowed access, it i • 
coAtiag of oxychloride of C()pper {CoClfZCuO.iM^'-' 
consisting, first, in the conversion of the copper into .■ ;,t 
and afterwards in the decomposition of the oxide by th: 
sodium; 4CuO 4- 2]SraCl = CuClj.3CuO -f NajO. Tm surface 
copper is thus corroded, and in the case of a copper-bottomed ship, 
action of sea-water not only occasions a great waste of copper, but roughens*^' 
the surface of the sheathing, and affords points of attachment to bangles, 
&c., which injure the speed of the vessel Many attempts have been made 
to obviate this inconvenience. Zinc has been fastened here and there to 
the outside of the copper, placing the latter in an electronegative con¬ 
dition ; the copper has been coated with various compositions, but with 
very indifferent success.» Muntz metal or yellow sheathing^ or tnaUeablc 
hrasSf an alloy of 3 parts of copper and 2 parts of zinc, has been employed 
with some advantage in place of copper, for it is vei^ much cheaper and 
somewhat less easUy corroded; but the difiiculty is by no means ovei^ 
come. Copper containiag about 0*6 per cent, of phosphorus is said to be 
corroded by sea-water much less easily than pure copper.* 


240. Danger attending the use of copper vessels in cooking jfeod.—The 
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use of copper for culinary vessels lias oecaaonally led to serious conse¬ 
quences, i^m the poisonous nature of its compounds, and from ignorance 
liie conditions under which these compounds are formed. A perfectly 
clean surface of metalUo copper is not affected by any of the substances 
employed in the preparation of food, but if the metal has been allowed to 
remain exposed to the action of the air, it becomes covered with a him of 
oxide of copper, and this subsequently combines with water and carbonic 
acid derived from the air, to produce a basic corbonate of copper,* which, 
becoming dissolved, or mixed with the food prepared in these vessels, 
confers upon it a poisonous character. This danger may be avoided by 
the use of vessels which are perfectly clean and bright, but even from 
these, certain articles of food may become contaminated with copper, for 
this metal is much more likely to be oxidised by the air when in con¬ 
tact with acids (vinegar, juices of fruits, &c.), or with fatty matters, or 
..even with common sdt, and if oxide of copper be once formed, it will be 
readily dissolved by such substances. Hence it is usual to coat the in¬ 
terior of copper vessel s with tin, which is able to resist the action of the 
air, even in the presence o^licias and saline matters. 

f 241. Useful alloys of copper tpilh other nietals .—The most important 
alloys of which copper is a predominant constituent are included in the 
following table :— 


Composition of 100 parts. 



Copper. 

' iBrass,. 

64 

IMuntz metal,.... 

60 to 70 

-German silver, . . . 


Aich (or Gedge's) metal, 

60 

Sterro-metal. 

166" 

* ^ Bell metal, .... 

78- 

Speculum metal, . . 


- Bronze,. . . . ; 


' "Gun metd,^" 



<h' 


zinc. 


j Tin. j Iwii, , Nickel. 


40 to 30 
k30-5 
38-2 

ya-O 




04., 



it 

33-4 

16 

9*6 

4 


(1-8) 


ta8-5 


Aluminum. 


10 


by melting copper in a crucible, and adding rather moi’e 
ItM its weight of zinc. It is difficult to de^e whether brass is a 
time diemic^l joppound, or a mere meclmical z^ture of copper and 
one, because if is capable of dissolving either of those metals when in a 
state of fusion. The circumstance that it can be deposited by decom¬ 
posing a solution containing copper and zinc by the galvanic current, would 
appear to indicate that it is a chemical compo und, and its physical pro¬ 
poses are not such as would bT^xpected irpm a mere mixture of its 
constituents. A small quantily of tin is added to brass intended for 
door-plates, which renders the engraving much «easier. When it has to 
be turned or filed, about 2 per cent, of lead is usually added to it, in 
order to prevent it from adhering to the tools ei^ployed. Brass cannot 
be melted without losing a poSon of its zino in the fonn of vapour. 
When exposed to frequent vibialton (as in the suspending chains of ohan- 
dipliers) it suffeift .an alteration in shmeture and becomes extremely brittle. 

* Oftea called wrdigri$, which is really a basic acetate of copper; 
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llie solder tised by biazieTs consists of equal weights of copper and zino. 
In order to prev^t ornamental brass-work from being taznisbed by the 
action of air, it is either lacquered or bronzed, Lacquering consists 
simply in varnishing the brass with a solution of. shell-lac m spirit, 
colou^ with dragon’s blood Bronzing is effected by applying a sol^ion . 
of arsenic or mercury, or platinum, to the sur fecB of_ tJlte brass. By the | 
action’tff arsenioiis acid dissolyed in hydrochloric acid, upon brass, tiie | 
latter acquires a coating composed of arsenic and copper, which imparts a 
bronzed appearance, the zinc being dissolved in pla^ of the arsenic, 
which combines with the copper at the surface— 

AsjOg + 6HC1 + Zuj = As, + -SZnClj + 3HjO. 


A mixture of corrosive sublimate (bichloride of mercury, HgCl,) and acetic 
acid is also sometimes emy'oyed, when the mercury m displaced by the 
zinc, and precipitated pn/n the surface of the brass, with which it forms 
a bronze-like amalgam, ^for bronzing brass instruments, such as theodo¬ 
lites, levels, &c., a solution of bichloride of platinum is employed, the 
zinc of the brass precipitating a very durable film of metallic platinum 
upon its surface (PtClg + Zn^ = Pt + 2ZnCl,). Aicfirnietal is a kind of 
brass containing iron, and has- been employed for cannon, on account of 
its great strength. At a red heat it is very malleable. 

Sierro-meffil (arepfm, strong) is another variety of brass containing iron 
and tin, said to have been discovered accidentally in making brass wiSb. 
the alloy of zinc and iron obtained during the process of making gal¬ 
vanised iron (p. 292). It possesses great strength and elasticity, and is 
used by engineers for the pumps of hydraulic presses. 

AluminumiSronze has beeiTalreadyTOtfcgdTan<1 the alloys of copper 
and tin will be described under the latter metal. 


A very hard white alloy of 77 parts of zinc, 17 of tin, and 6 of copper, 
is sometimes employed for the bcai’iu^s of the driving-wheels of loco¬ 
motives. ^ ' 

Iron ^d steel are coated with a „ ‘N.'=‘®ut film of copper, by 


placing them in contact with mctallij '' solution of oxide 

of copper, prepared by mixing sulphai. ' -T'vate of potash 

fyid soda, and caustic soda. The coppe^'^.^^W..^ p,- j. .. iponthe. 
iron by slow voltaic action, the zinc bein^‘i„,^'. y.- 

adding a solution of stannate of soda to the alkiilhis. , r 
tleposit of bronze may be obtained. a, 

242. Oxides of copper. —Two oxides of copper are well known .jii 
separate state, viz., the suboxide Cu,0, and the oxide CuO. Anotihis' 
oxide, Cup, has been obtained in a hydrated state, and there is some . 
evidence of the existence of an acid oxide. 

37ic black oxide of copper (cu]me oxide), CuO, is the black layer which 
is forme® upS!l*the surface of the metal when lifted in air.^ It is employed 
by the chemist in the ultimate aJfitlyisis of organic ktlbstances by com¬ 
bustion (p. 80), being*prepared for this purpose by acting upon copper 
with nitric acid to convert it into nitrate of copper (p. 133), and 


heating this to dull redness in a rough vessel made of sheet copper, when 
it leaves the black oxide; CuO.hijOj = 2NOj + 0 -f CuO. At a higher 
temperature the oxide fuses into a very hai-d mass; but it cannot be 
decomposed by heat Oxide of copper absorbs water easily from the air, 
but it is not dissolved by water; acids, however, dissolve it, forming the 



342 


SULPHATE OF COPPER. 


salts of copper, whence the use of oil of vitriol and nitric acid for clea^ 
ing the tarnished sur&ce of copper; a blackened coin, for example, im¬ 
mersed in strong nitric acid, and thoroughly washed, becomes as bright as - 
when freshly coined. Silicic acid dissolves oxide of copper at a high 
■ temperature, forming sil icate of cop per, which is taken advantage of in 
producing a fine green colour'm giaw.**' 

Red oxide or siiSoSSfife' of nvpplfrf&iprom oxidd)y Cu,0, is formed when 
a mixture of 5 parts of the black oxide with 4 parts of copper filings 
is heated in a closed crucible." It may also be prepared by boiling a solu¬ 
tion of sulphate of copper with a solution containmg sulphite of soda and 
carbonate of soda in equal quantities, when the suboxide of copper is 
precipitated as a reddish yeUow powder, which should be washed, by 
decantation, with boiled water— 

2(Cu0.80J + 2(Na,O.CO,) + Na,O.SO, = Cu,0 + 3 (Na, 0 .S 03 ) + 2CO,. 

The suboxide of copper is a feeble base, but its salts are not easily 
obtained by direct union with acids, for these generally decompose it into 
metallic copper and oxide of copper, which combines with the acid. In 
the moist state it is slowly oxidised by the air. Ammonia dissolves the 
suboxide, forming a solution which is perfectly colourless until it is 
allowed to come into contact with air, when it assumes a fine blue colour, 
becoming converted into an ammoniacal solution of the oxide. If the 
blue solution be placed in a stoppered bottle (quite filled with it) with a 
strip of clean copper, it will gradually become colourless, the oxide being 
again reduced to suboxide, a portion of the copper being dissolved. When 
copper filings are sliaken with ammonia in a bottle of air, the same blue 
solution is obtained, the oxidation of the copper being attended with a 
simultaneous oxidation of a portion of the ammonia, and its conversion 
into xiitrous acid, so tliat white fumes of nitrite of ammonia are formed 
in the upper part of the bottle. If the blue solution be poured into a 
large quantity of water, a light blue precipitate of hydrated oxide of 
copper is obtained. The ammoni^ic.'?Illation of oxide of copper has the 
unusual property of dissolv’-»ic. . ...i -i^Ll^tton, tow, and other varieties of 
cellulose^ this subster < ftp:. - 'plated from the solution on adding 
an acid, 

Srb ; ,i ■' .yor,imparts to it a fine red colour, 

. 3 ■:< the glass-maker. 

f v copper, Cu^O, has been obtained in combination 
the action of protochloride of tin and potash upon a salt of 

Cupric acid is believed to bo formed when metallic copper is fused with 
nitre and caustic potash. The mass yields a blue solution in water,,which 
is very easily decomposed, with evolution of oxygen and precipitation of 
oxide of copper. The existence of an unstable oxide of copper, containing 
more than one atom of oxygen, is also rendered probable by the cir¬ 
cumstance, that oxide of copper acts like binoxidc^of manganese in facili¬ 
tating the disengagement of oxygen from chlorate of potash by heat 
(page 31). 

243. Sulphaie of oopper. —^The beautiful prismatic crystals known as 
himvUruAyblm stone, him copperae, or sulphate of copper, have been 
already mentioned as formed in the preparation of sulphurous acid (p. 199), 
% dissolving copper in oil of vitriol, a process which is occasionally 
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employed for the mmifacture of this salt. A considerable supply of ihe 
sulphate is obtained as a secondary product in the process of silver* 
reining (p. 210 ). 

The sidphate of copper is also manufactured by roasting copper pyrites 
(FeCuS^ with fiee access of air, when it becomes partly converted into a 
mixture of sulphate of copper with sulphate of iron, FeCuS, -f Og s 
FeO.SOg + CuO.SOg. 

The sulphate of iron, however, is decomposed by the heat, losing its 
sulphuric acid, and leaving simply peroxide of iron (see p. 321), T^en 
the roasted mass is treat^ with water, the oxide of iron is 1 ^ undis- 
solved, but the sulphate of copper enters into solution, and may be 
obtained in crystals by evaporatiom 

These ciysi^, as they are found in commerce, are usually opaque, 
but if they are dissolved in hot water and allowed to crystallise slowly, 
they become perfectly transparent, and have then the composition 
expressed by the formula CuO.SOySHgO. If the crystals be heated to 
the temperature of boiling water, they lose four-fifths of their water, and 
crumble down to a greyish white powder, which has the composition 
CuO.SOyHjO, and if this be moistened with water, it becomes very 
hot and resumes its original blue colour. The whitish opacity of the 
ordinary crystals of blue stone is (kie to the absence of a portion of the 
water of crystallisation. 

The fifth molecule of water can be expelled only at a temperature 
of nearly 400° F., and is therefore generally called water of consti¬ 
tution (see p. 41), the formula of the crystals being then written 
CuO.SO 4 .HjO. 4 Aq, The crystals dissolve in four parts of cold and two 
parts of boiling water. The solution reddens litmus. 

The sulphate of copper is lai^gely employed by the dyer and calico- 
printer, and in the manufacture of pigments. It is also occasionally used 
in medicine, in the electrotype process, and in galvanic batteries. 

If a solution of sulphate of copper be mixed with an excess of solution 
of potash, a blue precipitate of hydrated oxide of copper (CuO.H,0) is 
produced. On boiling this in the^iquid, it loses its water and becomes 
black oxide. Tlie paint known M is hydrated oxide of 
copper obtained by decomposinp'^«" ' ^#i'*^* VtT>T>«r with hydrate of 

ii™®- F'.' 

When ammonia is added toCdqsy.'K a, b^isic,, 

sulphate is first precipitated, which is^diseR,.' > • i 
to a dark blue fluid. On allowing this to evaporate, a ;rw 
ammonio-mlphate of copper, CuO.SOg, 4H’Hj, HjO, are dep«. 
lose their ammonia when exposed to the air. 

A basic sulphate of copper, CuO.SOj, 4(Cu0,H,0), constitutes the 
mineral hrochantite. 

fcJulphate of copper cannot easily be separated by crystallisation from 
the sulphates of iron, zinc, and magnesia, because it forms double salts 
with them, which contain, like those sulphates, 7 molecules of water. 

An instance of this isnseen in the black vitriol obtained from the mother- 
liquor of the sulphate of copper at Mansfeld, and forming bluish black .. 
crystals isomorphous with green vitriol, FeO.SOg.THjO. The formula oT 
black vitriol may be written, (CuMgFeMnCoNi) O.SOyTHjO, the dx J 
isomorphous metals being interchangeable without alteriDg the general 
character of the salt. 

Arsenite of copper or Schoele’s green has been mentioned at p. 244. 
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The b^o pfio^ihatcs of copper compose the minerals kigalite and 
UbetkmUe, 

The basic carhonaies of copper have been noticed as forming the very 
beautiful mmerals Mue malachite, 6r chessylite, and green malachite. 

* Mineral green (CuO.COj, CuO.HjO) has the same composition as 
green malachite, and is prepared by mixing hot solutions of carbonate of 
soda and sulphate of copper. When boilM in the liquid, it is gradually 
converted into black oxide of copper. 

Silicates of copper are found in the minerals dioptase, or emerald copper, 
and chrysocolla. 

244. Chlorides of copper. —The chloride of copper {cuprie chlonde) 
(CuClj) is produced by the direct union of its elements, when it forms a 
brown mass, which fuses easily, and is decomposed into chlorine and sub¬ 
chloride of copper, the latter being afterwards converted into vapour. 
When dissolved in water, it gives a solution which is green when concen 
trated, and becomes blue on dilution. The hydrated chloride of copper 
is readily prepared by dissolving the black oxide in hot hydrochloric 
acid, and allowing the solution to crystallise; it forms green needle-like 
crystals (CuCl2.2HgO). A solution of chloride of copper in alcohol ^ms 
with a splendid green ilame, and the chloride imparts a similar colour to 
a gas dame. 

Oxychloride of copper (CuC1^.3Cu0.4H.p)‘is found at Atacama, in 
prismatic crystals, and is called atacamite. The paint Brunswick green 
has the same composition, and is made by moistening copper with solu¬ 
tion of hydrochloric acid or of sal-ammoniiic, and exposing it to the air in 
order that it may absorb oxygen— 

Ctt, -t- 2HC1 + 3H.P + 0, ^ CuCla.3Cu0.4H,0. 

The Brunswick green of the shops frequently consists of a mixture of 
]?russian blue, chromate of lead, and sulphate of baryta. 

Subchloride of copper {cuprous chloride), Cu^Clj, is formed when line 
copper turnings are shaken with stror^g hydrochloric acid in a bottle of 
air (Cu, + 2HCI + 0 =, The subchloridc dissolves in 

the excess of ' brown solutior, from which 

wate]^ree”',.’,..per, for this is one of the 
•■■V' /Vviieh exposed to light, it assumes a 

'■ , ' in larger quantity by dissolving 

of copper in hydrochloric acid, and boiling with 
^ copper turnings, the brown solution being afterwards pro- 

^-ipitated by water. If the solution be moderately diluted and set aside, it 
' deposits tetrahedral crystals of the subchloride. Ammonia (free from air) 
dissolves the subchloride to a colourless liquid, which becomes dark-blue 
by contact with air, absorbing oxygen. The ammoniacal solution of sub¬ 
chloride of copper is employed as a test for acetylene (p. 89), which gives 
a red precipitate with it. The solution may bo preserved in a colourless 
state by keeping it in a well-stoppered bottle, quite full, with strips of 
clean copper. When copper, in a finely divided state, is boiled with 
solution of hydrochlorate of ammonia, the solution deposits colour¬ 
less crystals of the salt CugCl„(NH 3 )g. If the solution of this salt be 
exposed to the air, blue crystals are deppsited, having the formula 
CiqC^. (N'H 3 )j,CaCly(NH 3 )g,HjO, and oq forther exposure, a compoimd 

th^ last sdt with h’ydrochlorate of ammonia is deposited. The solu- 
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tion of Bttbehlorido of copper in hydrochloric add is employed for 
dbsorhing carbonic oxide in the analysis of gaseous mixtures (p. 261). 
When this solution is exposed to air it absorb oxygen, and de^sits the 
oxychloride of copper. A strong solution of hydrochlorate of 
OT of chloride of potassium readily dissolves the cuprous chloride, even 
in the cold, forming soluble double chlorides. The solution in chloride 
of potassium does not absorb oxygon quite so easily as that in hydro- 
chlorate of ammonia. 


246. Sulphides of copper .—Copper has a very marked attraction for 
sulphur, oven at the ordinary temperature. A bright surface of copper 
soon becomes tarnished by contact with sulphur, and hydrosulphuric acid 
blackens the metal. Finely divided copper and sulphur combine slowly 
at the ordinary temperature, and when heated together, they combine with 
combustion. A thick copper wire bums easily in vapour of sulphur 
(p. 193). Copper is even partly converted into sulphide when boiled 
with sulphuric acirl, as in the preparation of sulphurous acid gas. This 
groat attraction of copper for sulphur is taken advantage of in the process 
of Icemcl-roasiiug for extracting the copper from pyrites containing as 
little^as 1 per cent, of the metal. The pyrites is roasted in largo heaps 
(p. 190) for several weeks, when a groat part of the iron is converted 
into peroxide, and the copper remains combined with sulphur, forming 
a hard kernel in the centre of the lumps of ore. This kernel contains 
about 6 per cent, of cojjper, and can be smelted with economy. Children 
are employed to detach the kernel from the shell, which consists of 
peroxide of iron and a little sulphate of copper, which is washed out 
with water. 


The sulmdpHde of copper (CugS) hsis been mentioned among the ores 
of copper, and among the furnace products in smelting, wlion it is some¬ 
times obtained in octohedral crystals. It is not attacked by hydrochloric 
acid, but nitric acid dissolves it readily. Copper pyriles is believed to 


contain the copper in the form of ^ubsulphide, its true fomiula being 
Cu^S.Fe^S, f for if the copper be pre|S'^^:^<^|ulphide, (yuS, the iron must 
be present as protostilphide, and would have the formula 

CuS.FeS. Ifcw, FeS is easil ul/jK’v * ‘^u’^'lnmc or hydro¬ 
chloric acid, which is not how¬ 
ever, attacks it violently. 'ft' j •' ‘v; „• ' < 

Sulphide of eojipjer (CuS) occurs in naturie ^ , '■ ai* 

copper, and may be obtained as a black precipitate' ,r 

hydrosulphuric acid upon solution of sulphate of copper. v\:j t. : 
precipitate is boiled with sulphur and hydrosulphate of ammonia, it lo 
dissolved in small quantity, and the solution on cooling deposits fine 
scarlet'needles containing a higher sulphide of copper combined witli 


hydrosulphate of ammonia. 

A pentasulphide of copper (CuSj) is obtained by decomposing sulphate 
of copper with pentasulphide of potassium; it forms a black precipitate, 
distinguished from thcjothor sulphides of copper by its solubility in car¬ 


bonate of potash. 

The sulphides of copper, when exposed to air in the presence of water, 
are slowly oxidised and converted into sulphate of copper, which is dis^ 
solved by the water. It appears to bo in this way that the blue water of 
the copper mines is formed. 

Phonjihide of ergyper (CuJ\), obtained as a black powder by boiling 
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BolotioD. sulphate of copper -with phosphorus, has been already men¬ 
tioned as a convenient source of phosphuretted hydrogen. Anoth^ phos¬ 
phide, obtained by passing vapour of phosphorus over finely divided 
copper at a high temperature, is employed in Abel’s composition for 
magneto-electric fuzes, in conjunction with subsulphide of copper and 
chlorate of potash. * 

Silicon may be made to unite with copper by strongly heating finely 
divided copper with silicic acid and charcoal. A bronze-^e mass is thus 
obtained, containing about 5 per cent, of silicon. It is said to rival iron 
in ductility and tenacity, and fuses at about the same temperature as 
bronze. 


L.!EAD. 

Pb" = 207 parts by weight. 

246. Lead owes its usefulness in the metallic state chiefly to its soft¬ 
ness and fusibility. The former quality allows it to be easily rolled into 
thin sheets, and to be drawn into the form of tubes or pipes; it is indeed 
the softest of the metals in common use, and, at the same time, the least 
tenacious, so that it can only be drawn with difficulty into thin wire, and 
is then very easily broken. The ease with which it makes a dark streak 
upon paper shows how readily minute particles of the metal may bo 
I abraded. Its want of elasticity also recommends it for some special uses, 
I as for deadening a shock or preventing a rebound. 

In fusibility it surpasses all the other metals commonly employed in 
the metallic state, except tin, for it" melts at 617® F,, and this circum¬ 
stance, taken in conjuhctidh with its high specific gravity (11*4), parti¬ 
cularly adapts it £qr the manufacture of shot and bullets. For one of its 
extensive uses, however, as a covering for roofs, it would be better suited 
if it were lighter and less fusible, for in case of fire in houses so roofed, 
the fall of the molten lead frequently aggravates the calamity. 

With the exception, perhaps, of Ae ores of iron, none is more abun¬ 
dant in this country than tb'' -^^^e of lead, galena^ a sulphide of lead 
(PbS). This ore mv’ , glance be mistaken for the metal 

itself, from ‘ metallic lustre. It is found 

forpju^'; ''■j Derbyshire, and Cornwall, 

the two first counties, and a clay slate in 
lurnishes large supplies of this important ore. 
jt.. a beautiful crystalline appearance, l^ing often found 

isolated giiteg» which readily cleave or split up in directions 
^ parallel to their feces. Blende (sulphide of zinc) and copper pyrites 
(sulphide of copper and iron) are frequently found in the same vein with 
galena, and it is usually'Wipciated with quartz (silics), heavy-spar (sul¬ 
phate of baryta), or fiuor spar (fluoride of calcium). Considerable 
quantities of sulphide of silver are often present in galena, and in many 
specimens the sulphides of bismuth and antimony are found. 

Though the sulphide is the most abundant natund combination of lead, 
it is by no means the only form in which this metal is found. The 
metal itself is occasionally met with, though in very small quantity, 
and the carbonate of lead (PbQ .CO, ), white, lead ore, forms an important 
ore in the^Uniieii States in "'Tttfl fitJpTEate of lead (PbO.SOJ 

is aleotfound in Australia, and is largely imported into this country to 
be sm^ted. • • 
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S47. The extraction of lead from galena is effected by tfddng adYan*^ 
tage of the circumstance, that when a combination of a mehd with oxy- ( 
gen is raised to a high temperature in contact with a sulphide of the some ' 
metal, the oxygen and sulphur unite, and the metal is liberated. m 

The ore, haying been separated by mechanical treatment as far as possi¬ 
ble from the foreign matters associated with if!^ is m ixed with a small 
ftf and spread over the hearth of a reverberatory furnace 
(fig. 259), the sides of which are considerably inclined towards the 
centre, so as to form a hollow for the reception of the molten lead. 

During the first stage of the smelting process, the object is to roast 
the ore with free access of air, exposing as large a surface as possible, 



Fig. 259.—Furnace for smelting lead-ores. 


on which account the heat is kept below that at which galena fuses; 
indeed, during the first two hours, no fuel is thrown into the grate, 
sulficient heat being radiated from the sides of the furnace, which have 
become red hot during the smelting of the previous charge of ore. The 
ore is stirred from time to time, to ex^j"'’■ fresh surfaces to the action of 
the atmospheric oxygen. 

- The e ffect of this roasting is t o sulphide of lead 

' (PbS) intolBulphate..Qf.Jaad iPbO^^ .p iop~Td8iif its 

. sulphur, which is evolved assuTphurous 
' in its stead, becoming converted into oxide ^>1’ 
proportipn of the galena, however, remains unoxidised, v 
ing is sufficiently advanced, some fuel is thrown into the graw,, 
slags from previous smeltings are thro^vn on to the hearth, the dampM% 
slightly raised, and the doors of the furnace are closed, so that the charge 
may heated to the temperatiire at which the oxide and sulphate of 
lead act upon the unaltered sulphide, furnishing metallic lead, whilst the 
sulphur is expelled in the form of sulphurous acid: 

PbS -I- 2P^6 = Pb, + SO,, and PbO.SO, + PbS = Pb, + 2SOg. 

During this part bf the operation, the contents of the hearth are 
constantly raked up towards the fire-bridge, so as to facilitate the 
separation of the lead, and to cause it to Tuh down into the hollow 
provided for its reception. It is also found that the separation of the^ 
lead from the dags is much assisted by occasioiudly throwing open fine* 
doors to chill the furnace. After about four hours, the charge m redt^ged 
to a pretty fluid condition, the lead having accumulated at the bbttom 
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of tlie depressed portion of the Iwarth with the slag above it; this slag 
oonsasts chiefly of the si licates of lime and oxide of lead, and would have 
contained a larger proportion ^ the latter, IFtEe lime had not been 
added as a flux at tlie commencement of the operation.* In order still 
further to reduce the q[uantity of lead in the slag, a few more shovelfuls 
of lime are now thrown into the hearth, together with a little small coal, 
the latter serving to reduce to the metallic state the oxide of lead dis< 
placed by the lime from its combination with the silicic acid. 

But since silicate of lime is far less fusible than silicate of oxide of 


> lead, the effect of this addition of lime is to dry up ” the slags to a 
semi-solid mass, and it will how be seen that if the .whole of the 

S lime had been added at the commencement of the smelting, tbe 
diminished fusibility of the slag would hav6 opposed an obstacle to the 
separation of the metallic lead. 

During the last hour or so, the temperature is very considerably raised, 
and at the expiration of about six hours, when the greater portion of 
the lead is thought to have separated, the slag is raked out through 
one of the doors of the furnace, and the melt^ metal allowed to run 
out through a tap-hole in front of the lowest portion of tlie hearth, 
into an t ya basin, from which it is ladled into pig-moulds. 

The rich slags, together with the layer of siibsulphide of lead (PbjjS) 
which forms over the surface of the metal, are worked up again with a 
fresh charge of ore. 

In the smelting of galena, a very considerable quantity of lead is car¬ 
ried off in the form of vapour; and in order to condense this, the gases 
from the furnace are made to pass through flues, the aggregate length of 
which is sometimes three or Jour miles, before beirig allowed to escape 

' " “'^pthe cliimney. . When the.se flues are 
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t swept, many tons of lead are recovered 

in the forms of oxide and sulphide. 

In the north of England, the smelt- 
iiig of lead ores is now generally eon- 
d ^^d in an economieo-fumace (fig. 
or small blast-furnace, instead of 

through three blast-pipes (A), and the 
lead-ore and fuel being charged in at B, 
the lead runs into a cavity (0) at the 
bottom of the furnace, whilst the sl£ 4 ? 
flows over into a reservoir (D) outside 
the furnace. The charge is sprinkled 
with water through the rose (Ey fixed 
just above the opening into the chim¬ 
ney (F), to prevent it from being blown 

y y ^ 

248. Some varieties of lead, particu¬ 
larly those smelted from Spanish ores, 
are known as hard lead, their hardness 
' > being chiefly due to the presence of 

toon^ and sance this.hnrdness interferes materially with some of the 
lead is generally subjected to an imjirmdvfj or mh 


Fig. 200. 
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dining process, in wMch the impurities riPe oxidised and removed, together 
with a portion of the lead, in the dross.* To effect this, six or eight tons 
of the hard lead are fused in an iron pot (P, fig. 261), and trandianred to 
a shallow cast-iron pan •» 

(C) measuring about ten 
feet by five. In this 
pan, which is set in 
the hearth of a rever¬ 
beratory furnace, and is 
about eight inches deep 
nearest the grate, and 
nine inches at the other 
end, the lead is kept in 
fusion by the flame which 
traverses it, from the 
gmte G to the flue F, 
for a period varying with 
the degree of impurity, 
some specimens being 
found sufficiently soft 
after a single day’s cal¬ 
cination, whilst others Vig. 261 . 

must l>e kept in a state 

of fusion for three or four weeks. The workman judges of the progress 
of the operation by a peculiar flaky crystalline appearance assumed by a 
small sample on coolmg. When sufficiently purified, the metal is run 
off and cast into pigs. ** 

At first sight, it is not intelligib''e how antimony should be removed 
from lead by calcination, since lead is the more easily oxidised metal. 
The result must bo ascribed to the tendency of antimony to form anti- 
inonic acid (Sb^Og) which combines with the oxide of lead. The dross 
(antimoniate of lead) formed in this process, when reduced to the metallic 
state, yields an alloy of lead with 30 rv>i; cent, of antimony, which 

is much used for casting typo furnit5^^^.a , 

249. Extraction of^ diver from Ir I'v'I ?alena 

often contains a suflicient quantity of silver p/v!'.. ■ 

extracted. Previously to the year 1829, this was .....k' ■; 

the lead contained more than 11 oz. of silver per ton, hi ti - • ’ 

then known for effecting the separation of the two metals Wai, 
c upeUatipn. which necessitates the conversion of the whole of the load 
oxide, wnich has then to be separated from the silver and again reduced 

* The following analyses illustrate the composition of hard lead; — 
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to like Dofitallu state, thus oonsml^g so large an amount of labour, that a 
comsidexaHe yield of silver must be obtained to pay for it 

By .tbe simple and ingenious o peration k nown as Paitinam^s de^ver - 
i awwtkroflegg. a very largi^amount oTthe lead can be at once separated in 
teemeibaiilo state with little expenditure of labour, thus leaving the re¬ 
mainder BUdiciently rich in the more precious metal te defray the cost of 
the &r more expensive process of cupellation, so that 3 or 4 oz. of silver 
per ton can be extracted with profit. Pattinson founded his process upon 
the observation that when lead containing a small proportion of silver is 
melted and allowed to cool, l^ing constantly stirred , )a consideraUe quan- 
• tity of 1;be lead separates in the form ol crystals containing a very minute 
proportion of silver, almost the whole of this metal being left behind in 
tha portion still remaining liquid. 

Eight or ten cast-iron pots, set in brickwork, each capable of holding 
lead, are placed in a row, with a fire-place underneath each 



Fig. 262.—Pattinson’s desilverising process. 


tivUy, that on the extreme left of the workman being No. 1, and that on 
his extreme right No. 10. About 6 tons of the lead containing silver are 
melted in pot No. 5, the metal skimmed, and the fire raked out from 
beneath so that the p^ may gradually cool, its liquid contents being con¬ 
stantly {^tated with a long iron stiner. As the crystals of lead form, 

' &ey are well drained in a perforated ladde (about 10 inches wide and 5 
inches deep) and transferred to pot No'. 4. When about ^hs of the 
; bave thus been removed in the crystals, the portion stiU remaining 

the rilT«, U ladled into pot ITo. 6, end the pot 
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No. 5, wlmh 18 now is choired wilti fresh argentiferous l«d to he 
treated m the same manner. 


When pots IQ'os. 4 tmd 6 have J»ceired, respectively, a sul^ient quantity 
of the c mtt^ of lead a nd of the Ikmid part rich in silver , their contents 
are subjected to a perfectly similar process, the crystals of lead being 
always passed to the left, and the rich argentiferous alloy to the right. 
As the final result of these operations, the pot No. 10, to the extreme 
right, becomes filled with a rich alloy of lead and silver, sometimes con¬ 
taining 300 ounces of silver to the ton, Whilst pot No. 1, to the extreme 
left, contains lead in which there 


is not more than ^ ounce of silver 
to the ton. This lead is cast into 
pigs for the market. The ladle 
used in the above operation is 
kept hot by a. small temper pot 
containing melted lead. A ful¬ 
crum is provided at the edge of 
each pot, for resting the ladle 
during the shaking of the crystals 
to drain off the liquid metal. 
Any copper present in the lead 
is also left with the silver in the 
liquid portion. 



•■N 
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250. In order to extract ther 
silver from the rich alloy, it .is 
subjected to a process of refining,. 
or cupellation, which is foimd^ 
upon the oxidation suffered by' 
: lead when heated in air, and upon 
the absence of any tendency on 
the part of silver to combine 
directly with oxygen. > 

The refinery or cupelling fur- 



Fi^. 263.—Copclktiou fomace. 


nace (fig. 263), in which this 

operation is performed, is a reverberatory furnace, the hearth of which con¬ 
sists of a cfipel (C), made by riming moist po wdered bongh ^h n^e d 
with a little woo d-a^ into an oval i ron abou t 4 inches deep, iSnjpeo- 

vided with four cross-bars at the bottom, each about 4 inches wide. When, 
this frame has been well filled with bone-ash, part of it is scooped o^t, so 
as to leave the sides about two inches thick at the top, and three inebw" 
at the bottom, the bone-ash being left about one inch thick above the 
iron cibss-bara 




The cupel, which is about 4 feet long by feet wide, is fixed so that 
the flame from the grate (G) passes across it into the chimney (B), and at 
one end, the nozzle (N) of a blowing apparatus directs a blast of air ovrar 
the surface of the contents of the cupel. The latter is carefully dried 
by a gradually increasing heat, and is then heated to redness ; the alloy 
of lead and silver, having been previously melted in an iron pot (P) 
fixed by the side of the furnace, is ladled in through a gut||pL:hatU 
the cupel is nearly fiUed with it; a film of oxide soon makes its app^uv 
ance upon the surface of the lead, and is fused by the Mgh tempettituxe. 
When the blast is directed upon the surface, it blows off this film of 
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eiidfi. and sup^es the oxygen for the fonmlaoii of auotlier film upon 
the'dOan motive sarfiice thus exposed. A part of the*e xide of lead 
or Uth arge thus formed is et first ateorhed % the .porous material of 
the (JUjpi^hut the chief part of it is forced hy the blast through a 
channel cut for the purpose in the opposite end to that at which the 
blast enters, and is received, as it issues from A, in an iron vessel placed 
ben^th the famace. 

In proportion as the lead is in this manner removed from the 
cupel, fresh portions are supplied from the adjoining melting-pot, and 
the process is continued until about 5 tons of the alloy have been 
added. 

The cupellation is not continued until the whole of the lead has been 
removed, but until only 2 or 3 cwts. of that metal are left in combina¬ 
tion with the whole of the silver j(say 1000 ounces) contained in the 
■ netal is run through a hole made in the bottom 

then again stopped up so that a fresh charge may 

i. > IS- 

*i ' • iJri'.O'' )f fijctdo of lead which are freely evolved during this pro- 
eess are cameit oli by a hood and chimney (H) situated opposite to the 
blast of air. 

When three or four charge.'^ have been cupelled, so as to yield from 
3000 to 6000 ounces of silver, alloyed with 6 or 8 cwts. of lead, the removal 
of the latter metal is completed in another cupel, since some of the silver 
is carried off with the last portions of litharge. 

The appearances indicating the removal of the last portion of lead are 
very etriMng; the surfiice of the molten metal, which has been hitherto 
tarnished, becomes iridescent as the film of oxide of load thins off, and 
afterwards resplendeutly bright, and when the cake of refined silver is 
allowed to cool, it throws up from its surface a variety of fantastic 
arborescent excrescences, caused by the escape of oxygen which has been 
mechanically absorbed by the fused silver, and is given off during solidi¬ 
fication. 

The litharge obtained from the cupelling furnaces is reduced to the 
metallic state by mixing it with small coal, and heating it in a furnace 
similar to that employed in smelting galena. 

251. On the small scale, lead may easily be extracted from galena by mixing 300 
* grains with 450 grains of dried carbonate of soda and 20 grains of chai'coal, Intro* 
dneing the mixture into a crucible, and placing in it two tenpeuny nails, heads down¬ 
wards. The crucible is covered and heated in a moderate fire for about half an hour. 
(A charcoal fire in the small furnace, fig. 132, p. 114, will suffice.) The remainder 
of the nails is carefully removed from the liquid mass, which is then allowed to cool, 
the crucible broken, and the lead extracted and weighed. In this process the 
sulphur of the galena is removed, partly by the sodium of the ccQthonate, and p^ly 
by the iron of we nails, the excess of carbonate of soda serving to fiux any silica 
with which the ^eua may be mixed. 

To ascertain if it contauis silver, the button is placed in a small hono-ash cupel 
(fig. 264)* heated in a muffie (fig. 265) until the whole of the lead is oxidised, 
um ahffOrhed into the bone-ash of the rapel, leaving the minute globule of silver. 

Small i^bulM of lead may be conv^ently cupelled dh charcoal before the blow¬ 
pipe, by preBBiugii^e bone-ash into a cavi^ scooped in the charcoal, placing the 
leu upon its 8umc& and exposing it to a good oxidising time fp. 105) as long as it 
. decreases in size. If any copper be present, l^e hone-ash will show a green stain 
after cooling. I*nre lead gives a yellow stain. 


k‘ cf Uad*- 


-The employment of this metal for roofing, ^&c., 
Ite %islhility adapts it for casting type for 
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printing, but it would be &r too soft for this purpose; accordingly, type- 
metal consists of an_al%^of 4ja£jBJlLJaad 
W its" 1 of a ntijhohy. "31 sinuIaT alloy is used 
for the ~1}^et8 cun^wed in shrapnel shells, 
since bidlets of soft lead would liable to 
be jammed together, and would not scatter so 
well on the explosion of the shell On the 



Fig. m 


other hand, rifle bullets are made of very pure soft lead, in order that 
they may more easily take the grooves of the rifle. 

' Small shot are made of lead to which about 
40 lbs. of arsenic per ton has been added. 

The arsenic dissolves in the lead, hardening 
it and causing it to form spherical drops 
when chilled. The fluid metal is poured 
through a sort of colander fixed at the top of 
a lofty tower (or at the mouth of a deserted 
coal-shaft), and the minute drops into which 
it is thus divided are allowed to fall into a 
vessel of water, after having been chilled by 
the air in their descent. They are afterwards 
sorted, and polished in revolving barrels con¬ 
taining plumbago. If too little arsenic is 
employed, the shot are elongated or pyri¬ 
form ; and if the duo proportion has been 
exceeded, their form is flattened or lenti¬ 
cular. 

r Common.sokler is an alloy of equal weights 
of le^ and tin, which is more fusible than 
either metal sepa rately. Other alloys con¬ 
taining'lead will be noticed in their proper 



Leaden vessels are much used in manufac- Fig. 2Gfi. 

turing chemistry, on account of the resistance 

of this metal to the action of acida Neither concentrated sulphuric, hydro+i 
chloric, nitric, or hydrofluoric acid, will act upon lead at the ordinaiy tem-|| 
porature. The b est solven t for the metal is nitric acid of sp. gr. 1 % sinceli 
the nitrate of load, being insoluble in an acid of greater strength, would 
be deposited upon tlie metal, which it would pi-otect from further 

• » T . . ^ — . ■ ^ • —V I- ^ 

action. 

Lead is easOy corroded in situations where it is brought in contact with 
air highly chained with carbonic acid, when it absorbs oxygen, forming 
oxide of lead, which combines with carbonic acid and water to produce the 
basic carbonate of load (PbO.CO.^,PbO.HjO). The lead of old coflins is 
often found converted into a white earthy-looking brittle mass of basic 
carbonate, with a very thin film of metallic lead inside it. 

When lead is exposed to the joint action of air and the acetic acid con¬ 
tained in beer, wine, cide?, «fec., it becomes converted into acetate of load 
or sugar of lead, which is very poisonous. Hence the accidents arising 
from the reprehensible practice of sweetening cider by keying it in con¬ 
tact with lead, and fi?om the accidental presence, in beer and wine bottles, 
of shot which have been employed in cleaning them. The action of yrater 
upon leaden cisterns has been already noticed. Contact with air and sea¬ 
water soon converts lead into oxide and chloride. 
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, • 2S3., OxiD]^ ,(»r LBAD.-i-Four compounds of lead with oxygen are 
known— ' ' . ^ 

Saboxide of lead, Pbpv- 

Oxide „ PbO . # * 

Red oxide „ PbgO* . , 

''^‘eyoxide „ PbO*. • n • < 

* .. 'it ■ 

\ The bright surface of lead soon tarnishes when e xposed io the ain * 
I becomiog costed with a dark film, which is believed to omisist of subQxide 
I of lead. In a very finely divided state, lead takes fire when -thrownlnto 
the air, and is converted into oxide of lead. , . , , 

y The tectd pyn^ho^, for exhibiting the spontaneons combustion of lead, u prepared 
by placing some tartrate of lead in a glass tube closed at one end (fig. 269), drawing 

the tube out to a narrow neck near the open end, and 
holding it nearly horizontally, whilst the tartrate of 1^ 
is heated with a gas or spirit flame as long as any fhmes 
ore evolved; the neck is thenfuscd with aolowpipe flame 
and drawn ofl’. The tartrate of lead (Pb0.C^'H40«), when 
heated, leaves a mixture of metallic lead with charcoal, 
which prevents it from fusing, into a compact mass. 
This mixture may be preserved unchanged in the tube 
for any length of time; but when the neck is broken off 
and the contents scattered into the air, they inflame at 
once, producing thick fames of oxide of lead. Tartrate 
of load is prepared by adding ammonia to solution of 
" Pig. 266. tartaric acid constantly stirred, until the precipitate of 

bitartrato of ammonia at first formed is just redissolved, 
and precipitating tbe liquid with solution of acetate of lead. The precipitated tar¬ 
trate df lead'is collected upon a filter, washed several times, and diied at a gentle 
heat,^ 

Oxide or 'protoxide of lead is prepared on a large scale by beating lead 
in air. Wbeu the metal is only moderately heated, the oxide forms a 
yellow powjjer, Which S'known in "commerce as maasixotf but at a ISgpher 
tempe^tuJDB tiie oxide melts, and on cooling forms a hrownSh scaTy niass 
which S called litharge (fd6<K, atom; Sgyvfm, silver), probably because 
what obtained by the alchemists would always fbmSh a considerable pro¬ 
portion of silver, which was present in most samples of lead before the 
introduction of Pattinson’s process. The litharge of commerce, often has 
a red colour, caused by the presence of some red oxide of lead ; from 1 to 
3 per cent, of finely divided metallic lead may also sometimes be found 
in it. When heated to dull redness, litharge assumes a dark brown 
colour, and becomes yellow on cooling. At a bright red heat it fuses, 
and readily attacks clay crucibles, forming a fusible silicate of lead, and 
soon perforating the sides. When boiled with distilled water, litharge is 
diraolved in small quantity, yielding a solution which is decidedly alka- 
linp, and becomes turbid when exposed to the air, absorbing carbonic 
acid, and depositing carbonate of lead. The presence of a small quan¬ 
tity of 43aline matter in the water hinders the solution of the oxide, but 
organic matter, and especially sugar, favonrsc it TVo definite white 
hydrates of oxide of lead, B^0.2Pb0 and Hg0.3Pb0, may be obtained by 
predpitating solutions of lead with the alkalies. Oxide of lead is a 
I^werfal ha^, and has a strong tendency to fom basic salts. Hot solu¬ 
tions of potash and soda ^solve it readuy, and deposit it in pink crystals 
0%^ling. 

Idthaxge, ihfoxa eaey oombinatiemwith silicic acid at a high tempera- 
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tare, is mucji). used in the mannitu^e of ghtss^ and in glazi ng earfh ftTi y<mft 
The Msayer also employs it as a flax. A mixtoie of iithtage ’«rith Itoie 
is sometimes applied to ihe hair, Which it dyes of a purplish-blaok colour,, 
due to tlie’ formation of stdphide of lead from the sulphur exiting in hair. 
^DhU mc&tifi, used by builders in a mixture of 1 part of 

, massicot with 10 parts of brickdusVj mia enoifgn limbed oil to form a 
paste ; it sets into a very hard 'mass, which is probably due partly to jfche 
formation of silieate of lead, and partly to the drying of the linseed oil by 
oxidation Jaroured by the oxide of lead. 

Red lead or minium is prepared by heating massicot in air to about \ 
600® F., when it absorbs oxygen, and becomes converted into red lead, j 
The massicot for this purpose is prepared by heating lead in a reverberatory 
furnace to a temperature insufficient to fuse the oxide which is formed, 
and rejecting the first portions, which contain iron and other metals more 
easily oxidisable than lead (as cobalt), as well as the last, which contain 
copper and silver, less easily oxidised than lead. The intermediate pro¬ 
duct 18 ground to a fine powder and suspended in water; the coarser 
particles are thus separated from the finer, which are dried, and heated 
on iron|!j|irays placed in a reverberatory furnace, till the requisite colour 
has been obtained. Minium is largely used in the manufecture of glass, 
whence it is necessary that it should be free from the oxides of iron, 

. copper, cobalt, &c., which would colour the glass. It is also employed as 
a common rod mineral colour, and in the manufacture of lucifer-matches. 

When minium is treated with dilute nitric acid, nitrate of lead 
(PbO.NjOg), or Pb(KO,)j, is obtained in solution, and peroxide of lead 
(PbO„) is left as a brown powder, showing that minium is probably a 
compound of the oxide and peroxide of lead. The minium obtained by 
heating massicot in air till no furiher increase of weight is observed, has 
the composition 2PbO.PbOg, or Pb^, which would appear to represent 
pure minium; commercial minium, however, has more frequently a com¬ 
position coiTesponding to SPbO.PbOo, but when this is treated with 
potash, PbO is dissolved out, and 2rb6.PbOs remains. Minium evolves 
oxygen at a red heat, becoming PbO, hence the necessity for keeping the 
temperature below 600° F. during its preparation. 

Peroxide, or Mnoxidc, or puce oxide of lead, is found in the mineral 
kingdom as heavy lead ore, forming black, lustrous, six-sided prisms. _ It 
may be prepared from red lead by boiling it, in fine powder, with nitric 
acid, diluted with five measures of water, washing and drying. The bin- 
oxide of lead easily imparts oxygen to other substances; sulphur, mixed 
with it, may bo ignited by friction, hence this oxide is a common ingre- 
dient in lucifer-match compositions. Its oxidising property is frequently 
turned to accqunt in the laboratory, for example, in absorbing sulphurous 
acid from gaseous mixtures by cemverting it into sulphate of lead; 
PbO, + SO, = PbO.SO,. Bin(>xide of lead is not dissolved by dilute 
acids has no basic properties; indeed, it is sometimes called plumbic ' 
acid, for it combines with potash and soda when fused with their hydrates. 
Plumbate of potash (K OtPbO,.3H,0) has been crystallised from an 
alkaline solution, but is decomposed by pure water. 

264. White lead or ceruse is a carbonate of oxide of lead, or, steictly 
speaking, a basic carbonate, a combination of carbonate of oxide of 
lead (PbO.CO,) with variable proportions of hydrated oxide of lead 
(PbO.H/)). This substance is a constant product of the corrosive action 
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of Air and water upon the metal. Its formation is, of coiuse, very much 
emobuiagea by tlie presence of organic matters in a state of decay, which 
BTolve carbonic acid. 

White lead is manufactured on the large scale by two processes, which 
depend, however, upon the same principle; tins may be stated as follows:— 
When oxide of lead is brought in contact with acetic acid 
it forms the acetate of lead, (sugar of lead, Pb(CgHjOg)j). This salt is 
capable of combining with two molecule.s of oxide of lead, forming the 
tribasic acetate of lead, Pb(CaHgOj) 3 . 2 PbO, and if this be acted' upon 
by carbonic acid, the oxide of lead is converted into carbonate, whilst 
the neutral acetate of lead, Pb(C 4 H 30 g)a, is left. 

. In the older of t^tjro^rocesses, commonly known as the Dutch pro- 
cess, metallic lead,^ tfie ibrm of square gratings cast fromTEepjresT 
Ibad, is'pl{£J5?3" bvdi earthen pots containing a small quantity of common 
vinegar; a number of these pots being built up into heaps, together with 
alternate layers of dung or spent tan, the heaps are entirely covered up 
with the same material. The metal is thus exposed to conditions most 
favourable to its oxidation, viz., a very warm and moist atmosphere pro¬ 
duced by the fermentation of the organic matters composing the heap, 
and the presence of a large quantity of acid vapour generated from the 
acetic acid of the vinegar. The lead is therefore soon converted into 
oxide, a portion of which unites with the acetic acid to form the tribasic 
acetate of lead, which is then decomposed by the carbonic acid devolved 
from the fermenting dung or tan, yielding carbonate of lead, which com¬ 
bines with another portion of the oxide of lead and of water to form the 
white lead. The neutral acetate of load left after the removal of the oxide 
of lead from the tribasic acetate, is now ready to take up an additional 
quantity of the oxide, and the process is tlius continued until, in tlic 
course of a few weeks, the lead has become coated with a very thick crust 
of white lead , the heaps are then destroyed, the crust detached, washetl, 
to remove adhering .acetate of lead , ground to a paste with water, and 
driedr Polled lead is not so easily converted as cast lead. 

The newer process is a more direct application of the same principle, 
for it consists in boiling acetic acid with an excess of litluu'ge in order 
to produce the tribasic acetate of lead, which is afterwards decomposed 
by passing though it a current of carbonic acid obtained by combustion 
or fermentation, or even by exhalation from the earth. The solution of 
neutral ^etate of lead is then again boiled with litharge, when tribasic 
acetate is produced, and is again precipitated by the carbonic acid. The 
precipitated carbonate of lead always carries down with it a variable pro¬ 
portion of the hydrated oxide of lead. This process is, of course, much 
more rapid than the old one, and dispenses with the grind(pg, which is so 
injurious to the workmen; but the white lead so produced, being crystal¬ 
line, has less opacity or covering-power {body) than that obtained by the 
Dutch method.' 

1 ^sual composition of white load is expressed by the formula 

I PbO.HjO, 2(PbO.COg), though other basic carbonates of lead are often 
mixed with it. 

White le^ very poisonous, its use by painters and others is gene¬ 
rally atteimed with symptoms of lead-poisoning, arising in many cases, 
pr^bly, from neglMting to wash the hands before eating, the effect of 
leid be^ cumulative^ so that minute doses may show their combined 

j action after many .days. Dilutgdjul^huric acid and solutions of the sul- 
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phates of magneeia and the alkalies are sometimes taken internally to 
counte^t its ^ect, since the sulphate of lead is not poisonous. 

AH paints containing lead, and cards glazed with white leau, ace 
blackened even by minute quantities of sulphuretted hydrogen, from the 
production of black sulphide of lead. If the blackened surface remain 
exposed to the light and air, it is bleached again, the sulphide of lead 
(PbS) being oxidised and converted into white sulphate of lead 
(PbO.SOg), but this does not take place in the dark. A little sulphide 
of lead or po wdered charcoal is sometimes mixed with commercial white 
lead to give it a bluish tin t, 

The pure earhonate of lead is found in white crystals associated with 
galena. 

Sulphate of lead is found in nature in prismatic and octahedral crystals 
of mglmte or lead-vitriol. It is nearly insoluble in diluted acids, 
and is one of the chief forma in which lead is precipitated from its 
solutions in analytical operations. The minerals lanarkite and leadhillite 
are compounds of sulphate and carbonate of lead. The chromates of 
lead have been already noticed. 

Phoqjhate of leatl (3Pb0.1\0j) is occasionally associated with the car¬ 
bonate in the ores of lead. 

255. Chloride of lead (PbClj) forms the mineral termed hom4ead. It 
is one of the few chlorides which are not readily soluble in water, and is 
precipitated when hydrochloric acid or a soluble chloride is added to a 
solution of lead. Doiling water dissolves about of its weight of chloride 
of lead, and deposits it in beautiful shining white needles on cooling. It 
fuses easily, and is converted into vapour at a high temperature. 

The oxychloride of lead (PbClj.PbO) is formed when chloride of lead 
is heated in air. It is sometimes employed as a sul^titute for white lead 
in painting, being prepared for this purpose by decomposing finely 
powdered galena udth concentrated hydrochloric acid (PbS + 2HC1 = 
PbCljj + HjjS), washing the resulting chloride of lead with cold water, dis¬ 
solving it in hot water, and adding lime-water, which precipitates the 
oxychloride— 

2PbCl3 + CaO - PbCl,.PbO -f CaClg . 

Timier^s yellow (Paris yellow, patent yellow, mineral yellow) is another 
oxychloride of lejid (PbCljj.7PbO), prepared by heating a mixture of 
litharge and sal-ammoniac. It has a fine golden yellow colour, is easily 
fused, and crystallises in octahedra on cooling. The mineral mendipife 
is an oxychloride of lead (PbCla.2PbO) which occurs in colourless pris¬ 
matic crystals. 

Iodide of lead (PbIg) is obtained as a bright yellow precipitate on mix¬ 
ing solutions of nitrate or acetate of lead and iodide of potassium. If it 
be allowed to settle, the liquid poured off, and the precipitate dissolved 
in boiling water (with one or two drops of hydrochloric acid), it forms a 

colourless solution, depositing golden scales as it cools. 

• 

266. Srdphides of lead.—The subsulphide (Pb^S) has been mentioned 
as produced in smelting galena. Sulphide of lead, or galena, has been 
described among the ores of lead. It is always obtained as a black pre¬ 
cipitate when hydrosulphuric acid or a soluble sulphide acts upon a solu¬ 
tion containing lead, even in minute proportion. 

A persulphide of lead, the composition of which has not been ascer- 
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tained, is formed as a red precipitate when a solution of load is mixed 
with a solution of an alkaline sulphide saturated with sulphur (or with 
solution of hydrosulphate of ammonia which has been kept till it has 
acquired a red colour). 

Chlorosidphide of lead (3PbS.2PbC]^) is obtained as a bright red pre¬ 
cipitate when hydrosulphuric acid is added in small quantity to a solution 
of chloride of lead in hydrochloric acid. 

Selenide of lead (PbSe) occurs associated with the sulphide in some 
lead ores; it much resembles galena, and has the same crystalline form. 

257. THAtLiuH (Tl = 204 parts by weight).—The discovery of this metal in 1861 
was one of the first results of the application of the new method of testing by obser¬ 
vation of coloured lines in tlie spectrum of a flame, described at p. 272. Crookes was 
examining the spectrum obtained by holding in the flame of a Bunsen burner the 
deposit formed in the flues of a sulphuric acid chamber, in which pyrites was 
employed as the source of sulphur. A green line made its appearance in the spectrum, 
which a less acute and practised observer might have mistaken for one of the lines 
caused by barium (see fig. 238), with which it nearly coincides in position ; but the 
line was much brighter than that produced by barium, and on instituting a searching 
analysis of the dejwsit, a metal was obtained which did not agree in properties with 
any hitherto described, and was named thallium, from taXXit, a young shoot, in 
allusion to the vernal green colour of its spectrum line. It has since been detected 
in several mineral waters; but the pyrites obtained from Spain and Belgium apjwar 
to be its best source. From the flue* dust of the sulphuric acid chambers, the metal 
is extracted by a simple process, but large quantities must be operated on to obtain 
any considerable amount. The de]iosit is treated with boiling water, and tlie solution 
mixed with much strong hydrochloric acid, which precipitates the thallium as 
chloride ; this is converted into acid sulph-ate of thallium by treatment with sulphuric 
aci^ and this salt having been purified by recrystallisation, is decomposed by zinc, 
which precipitates metallic thallium in a spongy form, fusible into a compact mass 
in an atmos])here of coal-gas. 

In external chaiucters thaUinm is very similar to lead; but it tarnishes much 
more rapidly when exposed to air, and the streak which it makes on paper soon 
becomes yellowish, being converted into oxide of thallium. If a tarnished piece of the 
metal be allowed to touch the tongue, a strongly alkaline taste is perceived, for the 
oxide of thallium or thallous oxide (TlgO) is very soluble in water, so that the tarnished 
metal becomes bright when immersed in water. The ready solubility of the oxide 
seemed to require thallium to be classed among the alkali-metals, a view which was 
encouraged by the circumstance that its specific heat proved it to be monatomic like 
potassium and sodium. But thallium appears to be more nearly related to another 
monatomic metal, silver, by the sparing solubility of its chloride and the insolubility 
of its sulphide. The circumstance that it may be kept unaltered in water, and may 
be precipitated from its salts by zinc, at once removes it from the group of alkali- 
metals. The ready solubility of its oxide in water is only an exaggeration of the 
b^aviour of the oxides of lead and silver, both of which dissolve slightly in water, 
yielding alkaline solutions. Diluted sulphuric acid acts upon thallium as upon 
zinc, evolving hydromn. Thallium burns in oxygen with a beautiful green flame, 
and the chlorate of thallium has been recommended for the tfianttfaclSni of green 
fires in place of chlorate of baryta (see p. 164). The sulphate of thallium, unlike 
that of lead, is easily soluble in water; the ettrbonate is rather sparingly soluble, 
but far more soluble than carbonate of lead. * 

ThaMie oxide, Tl,, 93* is obtained by adding hypochlorite of soda to thallous chloride 
mixed with excess of carbonate of soda. It is also a basic oxide, its sulphate having 
the composition TI^Of.BSOii.HsO.fiAq. 

Salts of thallium, like those of lead, are pms{gxeu#, 

The equivalent and atomic weights of thulium ay[)ear to be identical, and are 
expressed by the number 204. 
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SILVEfe. 

Ag* = 108 parts by veigbt, 

258. In silver, vre meet with the first metal hitherto considered which 
is not capable of undergoing oxidation in the air, under i|ny circum¬ 
stances, and this, in conjunction with its beautiful appearance, occasions 
its manifold ornamental uses, which are much favou^ also by the great 
malleability and ductility of this metal (in which it ranks only second 
to gold), for the former property enables it to be rolled out into thin plates 
or leaves, so that a small quantity of silver suffices to cover a large sur¬ 
face, whilst its ductility permits the wire-drawer to produce that extremely 
thin silver wire which is employed in the manufacture of silver lace. 

Silver, although pretty widely diffused, is found in comparatively small 
quantity, and hence it bears a high value, which adapts it for a medium 
of currency. 

As might be expected from its want of direct attnmtion for oxyg en, 
silver is found frequently in the metallic or native state, crystallised in 
cubes or octahedra, which are sometimes aggregated together, as in the 
sUver-mines of Potosi, into arborescent or dendritic forms. Silver is 
more frequently met with, however, in combination with sulphur, forming 
tlie sulphide of silver (AgjS), which is generally associated with large 
quantities of the sulphides of lead, antimony, and iron. The largest sup¬ 
plies of silver are obtained from the Mexican and Peruvian mines, but the 
quantity furnished by Saxony and Hungary is by no means insignificant. 

The process by which silver is extracted from galena has been already 
described under the history of lead. 

The ores of copper (particularly the grey copper-ore) often contain so 
much silver as to be worth working for that metal, in which case they 
are smelted in the usual way, when the copper obtained is found to con¬ 
tain the whole of the silver present in the ore. This silver is sep arat ed 
from the copper ^_tetog„advaiitage.of the facpitj^^^ltln^ch t^^ 

is dissolved by melted lead. The process of liquation, as it is 
termSd ; Ton s i Strin*^fusing the argentiferous copper with about thrice its 
w eight o f lpad> and Hsting the aUoy 'thus' dbtamed into cakes or discs, 
which are afterwards gradually heat^ upon a hearth (fig. 267), so con¬ 
trived that the lead, which melts much more easily than the copper, may 
flow off in the liquid state, carrying with it, in the form of an aUoy, the 
silver which was associated with the copper, leaving this last metal in 
porous masses, having the form of the 
original disks, upon the hearth. The 
lead and silver are separated by the 
process of cupeUation (p. 351). 

When thd extraction of the silver 
is the main object with which a parti¬ 
cular ore is treated, the process of 
amalgamation is adopted, in which the 
^ver is dissolved out Ijy means of 
mercury. At Freiberg, the silver is 
extracted by this method from an ore 
which contains sulphide of silver 
together with much iron pyrites and 
other metallic sulphides. The ore is 

mixed with a sm^ proportion of common salt, and roasted in a rever- 



Fig 287.—Liquation hearth. 


m 


SILVEU-PLATING. 


beratory furnace, when the sulphide of silver is converted into chloride of 
silver. It is then ground to a very line powder, which is agitated, in 
revolving casks, with water and metallic iron, when the latter appro¬ 
priates the chlorine and reduces the silver to the metallic state. A quan¬ 
tity of meicuiy is then inti'oduced into the casks, and the revolution 
continued for several hours; the mercury dissolves the silver, copper, 
and lead, and is run out of llie barrels into stout linen strainers, winch 
allow the excess of fluid mercury to pass through, but retain the soft 
solid amalgam containing the silver. In order to recover the silver, this 
ama^m is placed in iron trays arranged one above the other (fig. 268), 

and covered with an iron bell-shaped receiver 
standing over water. By heaping burning fuel 
round the upper part of this dome, its tempera¬ 
ture is raised sufiieiently to convert the mercury 
into vapour, which condenses again in the 
water, leaving the silver, together with the 
copper and lead, upon the iron trays. Finally, 
the silver is refined by fusing it with an addi¬ 
tional quantity of lead and subjecting the alloy 
to cupellation (p. 3.51), when the fused oxide 
of lead which is formed carries with it the cop¬ 
per, also in the form of oxide, leaving the 
silver in a slate of purity. 

Various methods have been devised to super¬ 
sede the amalgamation process. For example, 
Fi;?. 268 . tho ores have been roasted with common salt 

to convert the silver into cliloride, which is 
dissolved out of the mass by means of a strong solution of common salt, 
from which the silver is afterwards precipitated in the metallic state by 
copper. Hyposulphite of soda has also been employed to dissolve out 
the chloride of silver, and the solution precipitated by sulphide of 
sodium, the resulting sulphide of silver being roasted to remove the sul¬ 
phur and leave metallic silver. 

Although silver is capable of resisting the oxidising action of tlie atmo¬ 
sphere, it is liable to considerable loss by wear and tear in consequence 
of its softness, and is therefore always hardened, for useful purposes, by 
the addition of a small proportion of copper. The standard silver em¬ 
ployed for coinage and for most articles of silver plate, in this country, 
contains, in 1000 parts, 925 of silver and 75 of copper, whilst that 
used in Franco contains 900 of silver and 100 of copper. 

Standard silver, for coining and other purposes, is whitened by being 
heated in air and immersed in diluted sulphuric acid, which dissolves out 
the oxide of copper, leaving a superficial film of nearly pure Silver. Dead 
or frmted silver is product in this manner. Oxidised silver is covered 
with a thin film of sulphide by immersion in a solution obtained by 
boiling sulphur with potash. 

f The solder employed in working silver counts of 5 parts of silver, 2 
^f zinc, and 6 of brass. 

Plated articles are manufactured from copper or one of its alloys, 
which has been united by rolling with a thin plate of silver, the adhesion 
of the latter being promoted by first washing the surface of the copper 
with a solution of nitrate of silver, when a film of this metal is deposited 
upon its surface, the copper taking the place of the silver in the solution. 
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Eleciro-flating consists in covering the surface of baser metals with a 
coating of silver, by connecting them with the negative (or zinc) pole of 
the gdvanic battery, and immersing them in a solution made by dissolv¬ 
ing cyamideofjsilvOTincyM^ oC.j)otaa«,nm ;* the current gradually 
decom^ses the cyanide oi silver, and this metal is of course (see p. 6) 
deposited upon the object connected with the negative pole, whilst the 
cyanogen liberated at the positive (copper or platinum) pole is allowed to 
act upon a silver plate with which this pole is connected, so that the 
silvering solution is always maintained at the same strength, the quantity 
of silver dissolved at Ibis pole being precisely equal to that deposited at 
the opposite pole. 

Brass and copper are sometimes silvered by rubbing them with a mix-1 
ture of 10 parts of chloride of silver with 1 of corrosive sublimate (ehlo-f 
ride of mercury) and 100 of bitartrate of potash. The silver and mercuiyl 
arc both reduced to the metallic state by the baser metal, and an amalga^ 
of silver is formed, which readily coats the surface. The acidity of the 
bitartrate of potash promotes the reduction. The surface to be silvered 
should always be cleansed from oxide by momentary immersion in nitric 
acid, and washed with water. For dry silvering, an ama^m of silver and 
mercury is applied to the clean surface, and the mercury is afterwards 
expelled by heat. 

Silvering upon glass is effected by means of certain organic substances 
which are capaMe of precipitating metallic silver from its solutions. Look¬ 
ing-glasses have been made by pouring upon the surface of plates of glass 
a solution containing ta rtrate of silver and t artrate of ammon ia On heat¬ 
ing the glass plates to a certain temperature, the oxide of silver contained 
in the tartrate parts with its oxygen to the tartaric acid, and the metallic 
silver is deposited in a closely adhering film. Glass globes and vases are 
silvered internally by a process which is exactly similar in principle. 

Pure silver is easily obtained from standard silver by dissolving it in ' 
nitric acid, with the aid of heat, diluting the solution with water, adding 
solution of common salt as long as it produces any fresh precipitate of. 
chloride of silver, washing the precipitate by decantation as long as the 
washings give a blue tinge with ammonia, and fusing the dried precipitate 
with half its weight of dried carbonate of soda in a brisk fire, when a 
button of silver will be found on breaking the crucible— 

2AgCl Na^O.CO, = Ag., 2NaCl O + CO,., 

259. Propefties of silver .—^The brilliant whiteness of silver distin¬ 
guishes it from aU other metals. It is lighter than lead, its specific 
gravity being 10‘53; harder than gold, but not so hard as copper; more 
malleable and ductile than any other metal except gold, which it sur¬ 
passes in tensity. It fuses at a somewhat lower temperature than gold or 
copper (about 1870° F.), and is the best conductor of heat and electricity. 
It is not oxidised by dry or moist air, either at the oidinary or at high 
temperatures, but is oxidised by ozone, and tarnished by air contt^ng 
sulphuretted hydrogen, from the production of sulphide of silver, which is 
easily removed by solution of cyanide of potassium. It is unaffected by 
dilute acids, with the exception of nitric ; but hot concentrated sulphuric 
acid converts it into sulphate of silver, and when boiled with strong 
hydrochloric acid, it dissolves to a slight extent in the form of chloride of 

* A solution of cyanide of potaasiuni in 10 iwrts of water, with 50 gndna of chloride of 
Milver dissolved in each pint of the liquid, will answer the purpose. 
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Bilv«r, which is precipitated on adding water. TIjo hydrates of potash 
uid soda do not act on silyer to the same extent as on platinum when 
fused vdth it; hence silver hasms and crucibles are much used in the 
laboratory. 

260. Oondea of eilver .—^Thore are three compounds of silver with 
oxygen: the suhoxide, Ag^O; the oxide, AggO; and the peroxide, pro¬ 
bably A&Oj, which is not known in the pure state. The oxide alone has 
any practice interest, as being the base contained in the salts of silver 
with oxygen-acids. * 

Oxide of diver (AgjO) is obtained as a brown precipitate when solution 
of nitrate of silver is decomposed by potash. It is a powerful base, 
slightly soluble in water, to which it imparts a weak alkaline reaction. 
A moderate heat decomposes it into its elements. When moist, freshly 
precipitated oxide of silver is covered with a strong solution of ammonia, 
and allowed to stand for some hours, it becomes black, and acquires 
dangerously explosive properties. The composition of this fulmimtimj 
diver is not accurately known, but it k supposed to be a nitride of silver, 
KAgj, corresponding in composition to ammonia. 

Nitrate (AggO.NgOj, or A^NOg), or lunar mmtie (silver being 

distinguished as him by the alchemists), is procured by dissolving silver 
in nitric acid, with the aid of a gentle heat, evaporating the solution to 
dryness, and heating the residue till it fuses, in order to expel the excess 
of acid. For use in surgery, the fused nitrate is poured into cylindrical 
moulds, so as to cast it into thin sticks; but for chemical purposes it is 
dissolved in water and ciystalliscd, when it forms colourless square tables. 
jThe action of nitrate of silver as a caustic depends^upon the facility with 
t which it parts with oxygen, the silver being reduced to the metallic state, 
land the oxygen combining with the elements of the organic matter. This 
'effect is very much promoted by exposure to sunlight or diffused daylight. 

I P ure nitrate of silv er, is not ch^ed by .exposure,j!Q.^ht, b ut if organ ic 
' malierbe’pr^OTt, a black d eposit, con taining finely divi^d siTyer, ispro- 
ducedl Thus, the solution of nitrate of silver stains the fingers black 
when exposed to light, but the- stain may be removed by cyanide of 
potassium. If solution of nitrate of silver be dropped upon paper, and 
exposed to light, black stains will bo produced, and the paper corroded. 
Nitrate of silver is a frequent constituent of marking inks, since the 
deposit of metallic silver formed on exposure to light is not removable by 
washing. The linen is sometimes mordanted by applying a solution of 
carbonate of soda before the marking ink, when the insoluble carbonate 
of silver is precipitated in the fibre, and is more easily blackened than 
the nitrate, especially if a hot iron is applied. Marking inks without pre¬ 
paration are made with nitrate of silver containing an excesSi of ammonia, 
which appropriates the nitric acid, and hastens the blackening on 
exposure to light or heat. Hair dyes often contain nitrate of sHver. 
l^e important use of this salt in photography has been noticed already 
(p. 214). 

/ In order to prepare nitrate of silrer from standard silver (containing copper), the 
metal is dissolvea in moderately strong nitric acid, and the solution evaporated to 
dryness in a porcelain dish, when a blue residue containing the nitrates of silver mid 
copper is obtained,. The dish is now moderately heated until the residue has fuse^ 
1 ^ 0 . become unilormly black, the blue nitrate of copper being decomposed, and 
fwving black oxide copper, at a temperature which is insufficient to decompoM the 
nitrate of sU^r. ^ To ascertain when all the nitrate of copper is decomposed, a small 
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sample is removed on the end of a ghun rod, dissolved in water, filtered, and tested 
with ammonia, which will produce a blue colour if any nitrate of copper is left. I^e 
residue is treated with hot water, the solution filtered from the oxide of copper, and 
evaporated to crystallisation. ^ 

261. Chloride, of diner (AgCl) is an important compound, as being 
the form into which silver is commonly converted in extracting it from 
its ores, and in separating it from other metals. It separates as a white 
curdy precipitate, when solution of hydrochloric acid or a chloride is 
mix^with a solution containing silver. The preci pitate is brilliantly 
white at first, b nt soon becom es violet, and eventually blacj^ if exposea 
to daylight, or more rapidlylm sunlight, the chloride of silver being re-, 
duced to*'subchloride (Ag^Cl), with separation of chlorine (see p. 214). 
The blackening takes place more rapidly in the presence of an excess of 
nitrate of sUver or of organic matter, upon wliich the liberated chlorine is 
capable of acting. The chloride of silver, formed by suspending silver 
le^ in a bottle of chlorine gas, is not blackened by light. If the wFce 
chloride of silver be dried in the dark, and heated in a crucible, it fuses 
at about 500° F. to a brownish liquid, which solidifies, on cooling, to a 
transparent, nearly colourless mass, much resembling horn in external 
characters (horn miner); a strong heat converts it into vapour, but does 
not decompose it. If fused chloride of silver be covered with hydro¬ 
chloric acid, and a piece of zinc placed upon it, it will be found entirely 
reduced, after a few hours, to a cake of metallic silver; the first portion of 
silver having been reduced in contact with the zinc, and the remainder by 
the galvanic action set up by the contact of the two metals beneath the 
acid. Ammonia readily di^olvos chloride of silver, and the solution 
deposits colourless crystals of the chloride when evaporated. If the 
ammonia bo very strong, the solution deposits a crystalline compound of 
chloride of silver with ammonia. The absorption of ammoniacal gas by 
chloride of silver has been noticed at.p. 123, and the photographic appli¬ 
cation of the chloride at p. 214. 

/ Jtecovery of silver from old photographic Intths .—One of the simplest methods of 
effecting this consists in mixing the liquid with solution of common salt as long as 
it causes a fresh precipitate of chloride of silver, which is allowed to subside, washed 
once or twice by decantation, mixed with a little sulphuric acid, a lump of zinc 
(spelter) placed in it, and left for a day or two to reduce the silver to the metallic 
state. The zinc is then taken out, and the metallic silver >veU washed by decanta¬ 
tion, first, with dilute sulphuric acid, to remove zinc, and afterwards with water, till 
the washings are quite tasteless. It may either be reconverted into nitrate by dissolv¬ 
ing in nitric acid (p. 362), or fused in an earthen crucible with a little borax. 

From the fixing solutions containing hyposulphite of soda, the silver cannot be 
precipitated by salt, because the chloride of silver is soluble in the hyposulphite. A 
piece of sheet cojiper left in this for a day or two will precipitate the silver at once 
m tlie metallic iftate. / 

Sulchloride of silver (Ag.jCl) has been obtained by the action of per- 
chloride of iron upon metallic silver {Ag 4 + FcjClg = SAg^Cl + .“iFeClj). ^ It 
is black and insoluble in nitric acid. Ammonia decomposes it, dissolving 
out chloride of silver, and having metallic silver. 

Bromide of silver (AgBr) is a rare Chilian mineral. Associated with 
chloride of silver, it forms the mineral embolite. It much resembles the 
chloride, hut is somewhat less easily dissolved by ammonia. 

Iodide of silver (Agl) is also found in the mineral kingdom. It is 
worthy of remark that silver decomposes hydriodic acid much more easily 
than hydrochloric acid, forming iodide of silver, and evolving hydrogen. 
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The iodide of silver dissolves in hot hydriodic acid, and is deposited in 
ciystalB on cooling. By adding nitrate of silver to iodide of potassium, 
the iodide of silver is obtained as a yellow precipitate which, unlike the 
chloride, does not dissolve in ammonia. Iodide of silver dissolves in a 
boiling saturated solution of nitrate of silver, and the solution, on cooling, 
deposits crystals having the composition AgLAgNO^, which are far more 
sensitive to the action of light than iodide of silver itself, a circumstance 
which is taken advantage of by photographers. The crystals are decom¬ 
posed by water, with separation of iodide of silver. 

Sulphide of silver- (Ag,S) is found as diver glancey which may be 
regarded as the chief orc of silver; it has a metallic lustre, and is some¬ 
times found in cubical or octahedral crystals. The minerals known as 
rosiclers or red silver ore^ contain sulphide of silver combined with the 
sulphides of arsenic and antimony. The black precipitate obtained by 
the action of hydrosulphuric acid upon a solution of silver is the sulphide 
of silver. It may also be formed by heating silver with sulphur in a 
covered crucible. Sulphide of silver is remarkable for being soft and 
malleable, so that medals may even be struck from it. It is not dis¬ 
solved by dUutod sulphuric or hydrochloric acid, but nitric acid readily 
dissolves it. Metallic s^or dissolves sulphide of silver when fused with 
it, and becomes brittle ^en when containing only 1 per cent, of the 
sulphide. 


MERCUBY. 

Hg" = 200 parts by weight.* 

262. Mercury (qnie/mlver) is the only metal which is liquid at the 
ordinary temperature, and since it requires a temperature of 39° below 
zero F. to solidify it, this metal is particularly adapted for the con¬ 
struction of thermometers and barometers. Its high boiling point 
(662° F.) also recommends it for the former purpose, as does its high 
specific gravity (13'54) for the latter, a column of about 30 inches in 
height being able to counterpoise a column of atmospheric air having 
the same sectional area, and a height equal to that of the atmosphere 
above the level of the sea. The symbol for mercury (Hg) is derived from 
the Latin name for this element, hydrargyrum (v^p, water, referring to 
its fluidity, Spyvpov, silver). 

Mercury is not met with in this country, but is obtained from Idria 
(Austria), Almaden (Spain), China, and New Almaden (California). It 
occurs in these mines partly in the metallic state, diffused in minute 
globules or collected in cavities, but chiefly in the state of cinnabar, which 
is a sulphide of mercury (HgS). 

The metal is extracted from the sulphide at Idria by roasting the ore 
in a kiln (fig. 269), which is connected with an extensive series of con- 
dcaising chambers built of brick-work. The sulphur is converted, by the 
air in the kiln, into sulphurous acid gas, whilst the mercury passes off in 
vapour and condenses in the chambers. 

At Almaden the extraction is conducted upon the same principle, but 
the condensation of the mercury ia effected in earthen receivers (cAUed 

• The Tapotu of mercury ig only 100 times as heavy as hydrogen, which would indicate 
100 aa the ftomte. weif^t of mercury, but the speoiiic heat of mercury when niultipUed by 
xUO would^e ilfi atomic heat only half that or most other aetals. 
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c^udeU) opeiimg into each other, and delivering the mercury into a gutter 
which conv^s it to the receptacles. 



Fig. 269.—Extraction of mercury at Idria. 


The cinnabar is placed upon the arch (A, tig. 270) of brick-work, in 
which there are several openings for the passage of the flame of l^e wood 
tiro kindled at B; this flame 
ignites the sulphide of mercury, 
whicli bums in the air passing 
up &om below, forming sul¬ 
phurous acid gas and vapour of 
mercury (HgS + Oj - Hg + SO.J, 
which (‘.scape through the flue 
(F) into the aludels (C), where 
the chief part of the mercurj' 
condenses, and runs down into 
the gutter (G). The sulphurous Fig. 270. 

acid gas escapes through the flue 

(H), and any mercury which may have escaped condensation is collected 
in the trough (D), the gas fimiUy jiassiug out through the chimney (E), 
which provides for the requisite draught. 

Ill the Palatinate, the cinnabar is distilled in cast-iron retorts with 
lime, when tlie sulphur is left in the residue as sulphide of calcium, and 
sulphate of lime, whilst the mercury distils over— 



4HgS -t- 4CaO = SCaS -t- 


CaO.SO, -h Ilg^. 


The merenvy found in commerce is never perfectly pure, as may he shotvn hy 
scattering a little upon a clean glass plate, when it tails or leaves a track upon the 
glass, which is not the case with pum mercury. Its chief impurity is lead, which 
may be removed by exposing it in a thin layer to the action of nitric acid diluted 
with two measures of water, which should cover its surface, and be allowed to remaiu 
in contact with it for a day or two, with oceasionjil stirring. The lead is far more 
easily oxidised and dissolved than the mercury, though a little of this also passes 
into solution. The mercury is afterwards well washed with water and dried, first with 
blotting-paper, and then by a gentle heat. Mercury is easily freed from mechanical 
impurities by filtering it through a cone of jmper, round tlie apex of which a few piu- 
holes have been made. 

• 

263. Although mercury iu its ordinary condition is not oxidised by air 
at the ordinary temperature, it appears to undergo a partial oxidation 
when reduced to a tine state of division, as in those medicinal prepara¬ 
tions of the metal which are made by triturating it with various sub¬ 
stances which have no chemical action upon it, until globules of the metal 
are no longer visible. Blue pill and grey jmeder, or hydrargyrum cum 
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eretd, afford examples of tlis, and probably owe mucb of tlieir medicinal 
activity to the presence of one of the oxides of mercury. 

264. Uses qf mercury.—One of the chief uses to which mercuiy is 
devoted is the silvering of looking-glasses^ which is effected by means of 
an ^ following manner: a sheet of tin-foil of the 

same size^ ihe glass to be silvered is laid perfectly level upon a table, 
and rubbed over with metallic mercury, a thin layer of which is after¬ 
wards poured upon it. The glass is then carefully slid on to the table, 
so that its edge may carry before it part of the superfluous mercury with 
the impurities upon its surface; heavy weights are laid ^pon the glass so 
as to squeeze out the excess of mercury, and in a few days the combina¬ 
tion of tin and mercury is found to have adhered firmly to the glass j this 
coating usually contains about 1 part of mercury and 4 parts of tin. In 
this and all other arts in which mercury is used (such as barometer-mak¬ 
ing) much suffering is experienced by the operatives, from the poisonous 
action of the mercury. 

The readiness with which mercuiy unites with most other metals to 
form amalgams is one of its most striking properties, and is turned to 
iaccount for the extraction of silver and gold from their ores. The attmc- 
4ion of the latter metal for mercury is seen in the readiness with which it 
becomes coated with a silvery layer of mercury, whenever it is brought in 
contact with that metal, and if a piece of gold leaf be suspended at a 
little distance above the surface of mercury, it will be found, after a time, 
silvered by the vapour of the metal which rises slowly even at the ordinaiy 
temperature. From the surface of rings which have been accidentally 
whitened by mercury, it may be removed by a moderate heat, or by warm 
dilute nitric acid, but the gold will afterwards require burnishing. 

Zinc plates are amalgamated, as it is termed, for use in the galvanic 
battery, by rubbing the liquid metal over them under the surface of dilute 
sulphuric acid, which removes the coating of oxide from the surface of 
the zinc. The amalgam of zinc is not acted on by the diluted sulphuric 
[acid used in the battery (see p. 4) u gitH the circ uit is complete d, so that 
■: no zinc is wasted when the battery is noTTn us e.' An amalgam of 6 parts 
■ of mercury with 1 part of zihclina 1 of tin Salso used to promote the 
action of electrical machines. 




The addition of a little amalgam of sodium to metallic mercury gives 
it the power of adhering much more readily to otlier metals, even to iron. 
Such an addition has been recommended in all cases where metallic sur¬ 


faces have to be amalgamated, and especially in the extraction of silver 
and gold from their ores by means of mercury. 

Iron and platinum are the only metals in ordinary use which can be 
employed in contact with mercury without being corroded, by it. Mer¬ 
cury, however, adheres to platinum. 


The following definite compounds of mercury with other metals have been 
obtained by combining tiiem with excess of mercury, and squeezing out the fluid metal 
by hydraulic pressure, amounting to GO tons upon the inch: — 


Amalgam of lead, 

silver, AgHg 
iron. FeHg 


Amalgam of zinc, Zn.Hg 

copper, CuHg 

platinum, PtHg, 


The amalgam of silver (AgHg) has been found in nature, in dodecahedral ciystals. 



mteic ^d, and 1840 grains of mercurv; in the course of a day or two crystals of 
2 or 3 inches in Ici^h will be deposited. 
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266. Oxides of mercu^. —^Two oxides of mefrcuiy aie knqwn, the sah- 
oxide and the oxide HgO; both comhine with acids to fom salts. 

Suboxide of mercury, black <mde or mercurous oxide (HgjO), is obtained 
by decomposing calom^ with solution of potash, and washing with water 
(2HgCl + KjO = Hg^O + 2KC1). It is veiy easily decomposed by¬ 
exposure to light or to a gentle heat, into oxide of mercury and Tnatollif. 
mercury. 

Jled oxide of mercury or mercuric oxide (HgO), is formed u£j 2 D.ihe| 
surface of mercury, when heated for so me tima t n itahnilin g pu intr i?;* 
tact with air. The oxide is b lack whil e hot, but become s r^d on nonlinpr . 
It is used, under the name of f^precipwate, in ointments, and is prepaim 
for this purpose by dissolving mercury in nitric acid, evaporating the 
solution to dryness, and gently calcining the nitrate of mercury (HgO.H^jOj) 
until the nitric acid is expelled. The name nitric oxide of mercury refers 
to this process. It is thus obtained, after cooling, as a briUiant red crystal¬ 
line powder, which becomes nearly black when heated, and is resolved 
into its elements at a red heat. It dissolves slightly in water, and the 
solution has a very feeble alkaline reaction. A bright yellow modification 
of the oxide is precipitated when a solution of corrosive sublimate is 
decomposed by potash (HgCl, + KjO = HgO + 2KC1); the yellow variety 
is chemically more active than the red. 

When oxide of mercury is acted on by strong ammonia, it becomes converted into 
a yellowisli white powder which {possesses the properties of a strong base, absorbing 
carbonic acid eagerly from the air, and combining readily with other acids. It is 
easily decompose by exposure to light, and, if rubbed in a mortar when dry, is 
decomposed with slight detonations, a property in which it feebly resembles fulmi¬ 
nating silver (p. 8C2). The conijiosition of this substance is represented by the 
formula 4 HgO. 2 NH 3 . 2 HaO, and it is sometimes called avmmiakd oride of mercury. 
When exposed in vacuo over oil of vitriol, it loses 2HjO, becoming 4 Hg 0 . 2 Nn 3 , but 
if heated to about 260® F,, it becomes brown ;* it now contains Hg^OsN^Hj, and 
may be regarded as a compound of oxide of mercuiy with two molecules of ammonia 
in which two atoms of hydrogen are displaced by mercury (N.H^Hg^'jSHgO), a view 
which would explain, in a siin^dc manner, the evolution of ammonia when the sub¬ 
stance is fused with hydrate ot potash— 

NjH4Hg,3HgO = 2 NH 3 + 4HgO K.O. 

This substance is sometimes called itorcuramine; it forms salts with the acids; tlie 
sidphatc ofmcrcuramhie has the composition (N 2 H 4 Hg, 3 Hg 0 )S 03 . 

By passing ammonia gas over the yellow oxide of mercury as long as it is absorbed, 
and heating the compound to about 260° F. in a current of ammonia as long as any 
water is evolved, a brown explosive powder is obtained, which is believed to be a 
nitride of mercury, NaHgj", representing a double molecule of ammonia in which the 
hydrogen has been displaced by mercury. It yields salts of ammonia when decom¬ 
posed by hydrated acids. 

266. The salts formed by the oxides of mercury with the ox)"gen-acids are not of 
great practiQal importance. ProtonitreUe of mercury or mercurous nitrate is obtained 
when mercniy is dissolved in nitric acid ^uted with live volumes of water; it ma^y 
he procured in crystals having the composition Hgj 0 .N 205 , 2 Aq. The prismatic 
crystals which are sometimes sold as protonitrate of mercury consist of a basic nitrate, 
3 {Hg O.N.OgXHg.O.HjO, prepared by acting with diluted nitric acid upon mercniy 
in excess. When this salt is ^powdered in a mortar with a little common salt, it 
becomes black from the separation of suboxide of mercury— 

8(Hg,0, N.Oj), HgjO.HjO + 6 NaCl = 6 lIgCl + 3(Naa0.N,0,l -f Hg,0 + H,0; 

• It has been stated that by heating it for some time in a current of dry ammonia, the 
whole of the oxygen may be expelled as water, leaving the oxide of mer^mmonium 
(NHg/%0, which is very explosive, and combines with water to form a hydrate which 
proditccs salts with the acids. 
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ll^'&e aimtnil nitrate intot blackened (Hg,O.]7aOg + 2NaC3s2HgCl4’iNat0<N|O|). 
'nkflae Biteatea eumot be disaolred in water without partial decomposition and pre^^ 
dpitation of yellow basic nitmiee. 

Tuerefiury Ht nurwrie nitnUe is formed when mercury is dissolved wi^ an 
exfl^ of strong niMc add, mtd the solution boiled. It is better to prepare it by 
SsturatiQg strong nitric add, diluted with an equal measure of water, wiw oxide of 
mercn^. It may be obtained in crystals of the formula 2(HgO.NgOs),Aq. Water 
I decomposes it, precipitating a yellow basic nitrate, which leases oxide of mercury 
’•when long wa^ed-with water. 

SidphcSe of vuhosdde of mermry or mercurous mlphcUe (Hg,0. SOg) is precipitated as 
a white crystalline powder when dilute sulphuric acid is added to a solution of {sroto- 
nitrate of mercury. 

Svl^hate (fmercv/ry or mjermrie sulphate (HgO SOg) is obtained by heating 2 parts 
hy weight of mercoiy with 8 parts of oil of vitriol, and evaporating to dryness. Mer* 
cnrous'sulphate is first produced, and is oxidised by the excess of sulphuric acid. It 
forms a white crystalline powder, which is decomposed by water into a soluble acid 
sulphate, and an insoluble yellow basic sulphate of mercury, HgO.SOg.2HgO, known 
as turbUk or turpeth mineral, said to have been so named from its resembling in its 
medicinal effects the root of the Convolvulus turpethum. 

267. Chlorides of mercury. — ^The chlorides are the most important 
of the compounds of mercury, the chloride being calomel (HgCl) and the 
bichloride, corrosive suhlimate (HgCl^j). Vapour of mercury burng in 
chlor ine gM , coiTosive sublimate being produced.* ’ ’ 

suhlimate, chloride of merctmj, hichloride or perchhride of 
mercury, or mercuric chloride, is manufactured by heating 2 parts by 
weight of mercury with 3 parts of strong sulphuric acid, and evaporating 
to dryn^,to obtain mercuric sulphate (Hg + 2(HjO.SOg) = HgO.SOg + 
2HjO + SOj), which is mixed with part of common salt and 
heated in glass vessels (HgO.SOg + 2KaCl = Na^O.SOg + HgCl,), 
when sulphate of soda is left, and the corrosive sublimate is converted 
into vapour, condensing on the cooler part of the vessel in lustrous 
colourless masses, which are very heavy (sp. gr. 5-4), and have a crys¬ 
talline fracture. It fuses very easily (at 609'’ F.) to a perfectly colour¬ 
less liquid, which boils at 563“ F., emitting an extremely acrid vapour, 
which destroys the sense of smell ter some time. This vapour condenses 
in fine needles, or sometimes in octahedra. Corrosive sublimate dis¬ 
solves in three times its weight of boiling water, but requires 16 parts 
of cold water, so that the hot solution readily deposits long four-sided 
prismatic crystals of the salt. It is remarkable that alcohol and ether 
dissolve corrosive sublimate much more easily than water, boiling alcohol 
dissolving about an equal weight of the chloride, and cold ether taking 
up one-thM of its weight. By shaking the aqueous solution with ether, 
the greater part of the corrosive subhmate will be removed, and will 
remain dissolved in the ether which rises to the surface. Water inwhidb 
sal-ammoniac has been dissolved will take up corrosive suhlimate more 
easily than pure water, a soluble double chloride {sal aUmhroth) being 
formed, which may be obtained in tabular crystals of the composition 

t Hg^-eNH^Cl, HjO. A solution of corrosive sublimate in water con¬ 
taining sal-aumiouiac is a very efficacious bug-poism. 

The poisonous properties of corrosive sublimate are very marked, so 
little as threegmogjiaving been known to cause death in the ciwe o f a 
cluld. Xh© while of egg is commonly administered as an antidote,*1Se^U8e 
.it is known*l5Toraranm8oluhle compound with corrosive suhlimate, so 
as to render the poison inert in the stomach. The compound of albumen 

* *t.yols. of vamnr of corrosiTe subihnftte coutoin 2 vols. of mercury vapour (eqe note 
to page 864) and 2 -vols.'vf clilorine. 
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c MiaMeiTO wiblitn ate is also much lass thaft 

: d^onisn meir, atut n«s>ce corrodys sublimate is* aomedmes em{doTed fbr 
2jg^erving anstoiaif^l pa^pamtions and fyr preyentbig tlie deoay m wood 
combining with the yegetable albumen of the sa^^ 

Chloride of mercury unites with many other chlorides to form sohtble 


double salts, and with oxide of meicuiy, forming sereial oxychkiridei ^ 
mercury, which have no useful appliOarions. . iH 

White precipitate, emp loyed for destrbyiM vermi n, is deposited when 
£ mliition of corrosive sublir^te is poured into m excess of solution <rf 
HgCl, + 2NH, == NH,.HG1 + Cl ^ ^ 

White precipitate. l/T . 


a 

ammonia: 


The trae constitation of white precipitate has been the subject of much discussion, 
but the changes which it undergoes, under various cirenmstoces, appear to lead to 
the conclusion that it represents hydrochlorate of ammonia, NH,.HCl, in which half 
of the hydrogen has been diq)lacea by mercury. When boiled with potash, it yidds 
ammonia and oxide of mercury— ' 

NH,Hg''a + KHO = NH, + HgO + KCl. 

If it be boiled with water, it is only partly decomposed in a similar manner, leaving 
a yellow powder having the composition ^NH|HgCl).l]gO, produced according to the 
equation— 

2(NH,HgCl) + HjO = NH,.HC1 + (NH.HgCl). HgO. 

Yellow precipitate. 


A compound corresponding to this yellow precipitate, but containing chloride of 
mercury in place of the oxide, is precipitated when ammonia is gradually added to 
solution of corrosive sublimate in l^ge excess, the result being a compound of white 
precipitate with a molecule of uudecomposed chloride of mercury,— 

(NH,HgCl).HgCl,. 

If white precipitate be heated to about 600** F., it evolves ammonia, and yields a 
sublimate of amraoniated chloride of mercuiy, HgC]j,.NH^ leaving a red cir^alline 
jiowder which is insoluble in water and in diluted acids, and is unhanged by boiling 
with potash ; it may be represeuteii as a compound of bichloride of niercmy with 
ammonia, in which the whole of the hydrogen has been displaced by mercury, 
N,dIg,".2H^Jl,. 

When solution of corrosive sublimate is added to a hot solution of sal-ammoniac, 
inixed with ammonia, a crystalline deposit is obtained on cooling the liquid, which 
is known as fusible white ■predpUate, and represents two molecules of hydrochlorate of 
ammonia, in which ono-fourtli of the hydrogen has been displaced by mercury, its 
extraposition being NjH,Hg"Cl-. The same compound is formed when white precipi¬ 
tate is boiled with a solution of sal-ammoniac—- 


NH,Hg"Cl + 2^H,.Ha = if,H,Hg"01,. 

The above compounds possess a special interest for the chemist, as they were 
among the first to attract attention to the mobility of the hydrogen in ammonia, 
which has since been so well exemplified in the artinoial production of organic bases 
by the action of ammonia upon the imlides pf the alcohol-radicals. The lelation of 
these compounds to each other is here exhibited: — 


"White precipitate,. 

Pi-oduced yith corrosive sublimate in excess, 
„ by bbiling with water, 

„ „ sal-ammoniac, 

„ by beating to 600* 


. NH,Hg"Cl 
. (NH,HgCl).HgCl. 
. (NH,HgCl).HgO 
. NjH.Hg’Cl. 

. (N,Hg/.2HgCl,) 


,268. Calomel, subchloride or protoe^ilorkle of mercury, or mermrom 
chloride (HgCl),* unlike cortoeive sublimate, is insoluble in water, so tbat 
it is precipitated when hydrochloric odd or a soluble chloride is added to 
mercurous nitrate. The simplest mode of manufacturing it conriats in inti- 
• mately miving one molecule of corrosive sublimate ^ith 1 atom of metallic 


• 2 vob. of vapour of calomel contain 2 vols. of mercury vapour wid 1 vd. of chlorine. 
(See note on page 366.) • 

2 A 
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a,little water beiag added to prevent duet, drying tbe mixture 
tljoipagMyry and mbliming it; HgCl, += 2HgCL But it is more com- 

immly made by adding anotiier atom of metcniy to the materials empbyed 
in t^e preparation of coirosiye sublimate./ 2 parts by weight of mercury 
dis8(dyed, with the aid of heat, in 3 parts of oU of vitriol, and eva¬ 
porated to di^ess; Hg + 2^0.80,) = HgO.SO, + SO, + 2H,0. The 
residue of mercuric si^phate is intimately mixed with 2 more parts of 
mercury, and the mixture afterwards triturated with parts of common 
salt, until globules are no longer visible. The mixture is then heated, so 
that the calomel may pass off in vapour, which condenses as a translucent 
fibrous cake on the cool part of the subliming vessel, leaving sulphate of 
soda behind j /^IgO-SO, + Hg + 2Na01 = 2HgCl + Na^O.SO,. For 
medicmal pu^oses the calomel is obtained in a very fine state of division 
by conducting the vapour into a large chamber, so as to precipitate it in 
a fine powder by contact with a large volume of c<dd air. Steam is some¬ 
times introduced to promote its fine division, f Sublimed calomel always 
contains some corrosive sublimate, so that it must be thoroughly washed 
with water/before being employed in medicine. When perfectly pure 
calomel is sublimed, a little is always decomposed during the process into 
metallic mercury and corrosive sublimate. 

Calomel is met with either as a semitransparent fibrous mass, or an 
amorphous powder, with a slightly yellow tinge. It is heavier than cor¬ 
rosive sublimate (sp. gr. 7*18), and does not fuse before subliming; it 
may be obtained in four-sided prisms by slow sublimation. Diluted acids 
will not dissolve it, but boiling nitric acid gradually converts it into mer¬ 
curic chloride and nitrate, which pass into solution. Alkaline solutions 
convert it into black suboxide of mercury, as is seen in black-ioash, made 
by treating calomel with lime-water (2HgCl + CaO = Hg,0 -t- CaCl^). 
Solution of ammonia converts it into a grey compound (NH,Hg,Cl), 
which is the analogue of white precipitate (HHjHg"Cl), containing Hg,' 
in place of Hg^. 

Mercurous iodide (Hgl) is a green nnshible substance, formed when iodine is tri¬ 
turated with an excess of mercury and a little alcohol. The beautiful scarlet 
mercwric iodide (Hgl,) has been noticed at p. 177. Its vapour has the remarkably 
high specific gravity 16'68. 

If mercuric iodide be dissolved in iodide of potassium, the solution mixed with 
potash, and some ammonia added, a brown precipitate is formed, which may be repre¬ 
sented by the formula NHg’',I.U,0; its formation can bo explained by the equation, 
2HgI, + 8KH0 + NH, = NHgJ.H.O + SKI -h 2H,0. 

A solution of mercuric 'loauTe in lAdide of potassium, mixed with potash, is 
employed as one of the most delicate festa (^ Nesslcr'a tea t) for ammonia in waters; 
xiu gf* of ammonia in half a pint of water w~aistluctiy recognised by the Ijtown 
y ^^ ti nge caused by this test. 

269. Sulphides of mercury. —^When mercury is triturated Vith sulphur, 
the black suhsulphide of mercury ox Tnercuroua aidphide (Hg,S) is formed; 
it was termed by old writers EtMop's mineral^ and is an unstable com¬ 
pound easily resolvable into metallic mercury and mercuric sulphide (HgS). 

latter has been mentioned as the principal ore of mercury, and is 
iinpot^t as composing vermilion. The native su lphide of mercury, Qr 
e twii<3^r, i s found sometimes in amorphous masses, somelames 
inTiSx^^d prisms varying in colour from-dark brown to bright red. It 
may be distinguished f^m.most other mineralB by its great weight (ep. gr. 
$*2)|| and by its red colour when scraped with a knue. Neither hydrochloric 
nor hitric acid, sepa^tdy, will dissolve it, but a mixture of ime two dis- 
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solves it as meretxric c^lotide, witli separation of solplmr. Some speci- 
meus of ciimsbar ha;ve a 1}riglit |»d coioi^, so that they only require 
grinding and levigating to.be used , as vemitlion; and if the brown cinna¬ 
bar in powder be heated for some time to 120° F. with a solution of sul¬ 
phur in potash, it is converted into vermUion. 

Of the artificial sulphide of mercury there are two varieties, the black, 
which is precipitated when corrosive subUmate isadded to hydrosulphuric 
acid or a soluble sulphide, and the red (vermilion), into which the black 
variety is converted by sublimation, or by prolonged contact with solutions 
of alkaline sulphides containing excess of sulphur, though, so far as is 
known, the conversion is effected without chemical change, the red sul¬ 
phide having the same composition as the black. In Idria and Holland, 
6 parts of mercury and 1 of sulphur are well imitated together in revolving 
cai^ for several hours, and the black sulphide thus obtained is sublimed 
in tall earthem pots closed with iron plates, when the vermilion is de¬ 
posited in the upper part of the pots, and is afterwards ground and 
levigated. The sublimed vermilion, however, is generally inferior to that 
obtained by the wet process, of wMch there are several modifications. 
One of the processes consists in triturating 300 parts of mercury with 
114 parts of sulphur for two or three hours, and digesting the black 
product, at about 120° F., with 75 parts of hydrate of potash and 400 of 
water until it has acquired a fine red colour. The permanence of vermilion 
paint is, of course, attributable to the circumstance that it resists the 
action of light, of oxygen, carbonic acid, aqueous vapour, and even of the 
sulphuretted hydrogen and solphuroim or sulphuric acid which contaminate 
the air of towns, whereas the red paints containing lead are blackened by 
sulphuretted hydrogen, and all vegetable and animal reds are liable to be 
bleached by atmospheric oxygen and by sulphurous acid. 

When the black precipitated mercuric sulphide is boiled with solution 
of corrosive sublimate, it is converted into a white cJiloroatdpJiide of 
mercury, HgCly2HgS, which is also formed when a small quantity of 
hydros'^pburic acid is added to corrosive sublimate. 

It is remarkable that the molecule of vermilion, HgS, occupies 3 vols. 
instead of 2, containing 2 vols. of mercury vapour combined wit|i 1 vol. 
of sulphur vapour. The anomaly might be explained on the supposition 
that the high temperature requisite to convert the vermilion into vapour 
suffices to suspend the attraction between its elements, so that the vapour 
of which the specific gravity is taken is not really that of the compound 
of mercury and sulphur (which should occupy 2 vols.), but a mixture of^ 
the 2 vols. of mercury vapour and 1 voL of sulphur vapour, occupyii^ 
3 vols. This view of the temporary decomposition of the vapour receives 
some slight qopport from the convertibility of the black into the red 
sulphide by sublimation. 


BISMUTH. 

Bi" = 210 parts by weight 

270. Bismuth, thot^h useful in various forms of combination, is too 
brittle to he employed in the pure metallic state. It is readily distin¬ 
guished from other metals by its peculiar reddish lustre and its bi^y 
crystalline structure, which is very perceptible upon a freshly bxokon 
Bui&oe; large cubical (or, strictly speaking, rbombohedral) crystals of 
bismuth are easily obtained by melting a few ounces in a crucible, allow- 
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ing it to cool till a mist has formed a|>on the surfime, and pouring out 
the portion which has not yet solidified, when the crystals are found lining 
the intmor of the crucible. It is somewhat lighter than lead (sp. gr. 9*8), 
and TOlatilises more readily at high temperatures. 

Unlike most other metals, bismuth is found chiefly in the metallic state, 
disseminated, in veins, through gneiss and day-slate. The chief supply 
is derived from the mines of Sclmeebeig, in Saxony, where it is associated 
with the ores of cobalt. 


In order to extract the metal from the masses of earthy matter through 
which it is distributed, advantage is taken of its very low fusing point 

(507® F.) The ore is broken 



into small pieces, and in¬ 
troduced into iron cylinders 
which are fixed in an in¬ 
clined position over a fur¬ 
nace (fig. 271). The upper 
opening of the cylinders, 
through which the ore is in¬ 
troduced, is provided witl\ 
an iron door, and the lower 
opening is closed with a 
plateof fire-brick perforated 
for the escape of the metal, 
which flows out when the 


cylinders are heated, into iron i-eceiving pots, which are kept hot by a 
charcoal fire. 


Commercial bismuth generally contains considerable quantities of arsenic, 
sulphur, and silver ; it is sometimes cupelled in the same manner as lead, 
in order to extract the silver, the oxide of bismuth being afterwards again 
reduced to the metallic state by heating it with charcoal Pure bismuth 
dissolves entirely and easily in diluted nitric acid (sp. gr. 1*2); but if it 
contains arsenic, a white deposit of arseniate of bismuth is obtained. 
Hydrochloric and diluted sulphuric acids will not act upon bismuth. 

The chief use of bismuth is in the preparation of certain alloys with 
other metals. Some kinds of type metal and 8tereot}>pe metal contain 
bismuth, which confers upon them the property of expanding in the 
mould during solidification, so that they are forced into the finest lines 
of the impression. 

This metal is also remarkable for its tendency to lower the fiising point 
of alloys, which cannot be accounted for merely by referring to the low 
fusing point of the metal itselfi Thus, an alloy of 2 parts bismuth, 
1 part lead, and 1 part tin, fuses below the temperature of boiling water, 
alriiough the most fusible of the three metals, tin, requires a temperature 
of 442® F. An alloy of this kind is used for soldering pewter. Bismuth 
is also employed, together with antimony, in the construction of thermo¬ 
electric piles. 


271. Oxides of Usmuih .—Three compoande oflnsmuth with ozy(|en have been 
prepared ; bismuthoua oxide BiO, bismuthio oxide curd bismntmc acid 
Biemuthova oxide (BiO) is obtained as a black precipitate by reducing terchloride 
of bismuth with protochloride of tin in the presence of an excess of potash. It is 
easily converted into bismnthic oxide when heated in contact with air. 

mtmuthie oadde <Bi,0,V, is the basic and most important oxide of the metal. It 
is formed when is heated iu air, or when nitrate of bismuth is decomposed 
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heaL and is s vellow powder which becomes brown when heated, and fuses ea^y. 
Bismutmc oxide rorms the rare mineral listmUiiroehre. 

Simwihie aeid (Bi«0,) is formed when bismuthic oxide is suspended in a strong 
solution of potash through which chlorine is passed, when a red solution of bis< 
mnthate of potash is obtamed, and hydrated bismuthic add (HjO.Bi,0,) is predpi> 
tated as a iw powder, which becomes brown and anhydrous at 270° F. It is easuv 
decomposed by heat, evolving oxygen and leaving Bi,0|.BitO<. Whmi heated with 
acids it also evolves oxygen, and forms salts of usmuthic oxide. The bismuthates 
of the alkalies are very unstable, being decomposed by water. 

272. The only two salts of bismuth which are known in the arts are 
the haMc nitrate {trimitrate of bismuth or flake-white) and the oxychloride 
of bismuth (pearl-^ohite). The preparation of these compounds illustrates 
one of the cnaracteristic properties of the salts of bismuth, viz., the facility 
with which they are decomposed by water with the production of in¬ 
soluble basic salts. 

If bismuth be dissolved in nitric acid, it acquires oxygen from the 
latter, and becomes sesquioxide of bismuth, which combines with nitric acid 
to form the nitrate of bismuth (BijOjj.SNgOj), and this may be obtained 
in prismatic crystals of the composition Bi^O3.3N.P5.10Aq. If the solu¬ 
tion be mixed with a large quantity of water, it deposits a precipitate of 
Hake-white (BiP 3 .N.Pj.ELjO), or basic nitrate of bismuth, the remainder 
of the nitric acid being left in the solution. 

Pearl-white has the composition 2 (BiCl 3 .Bij 03 ).Hj 0 , and is obtamed by 
dissolving bismuth in nitric acid, and pouring the solution into water in 
which common salt has been dissolved. 

Terchloridt of bismuth (BiCl,) may be distilled over when bismuth is heated in a 
current of dry chlorine; it is a deliquescent fusible solid, easily dissolved by hydro¬ 
chloric acid, but decomposed by water, with formation of the above-mentioned ixcy- 
chlffride of bismuth; SBiCl, + 8H,0=BiCl,.Big0, + 6HCL This compound is so 
insoluble in water that nearly eveiy trace of bismuth may be precipitated from a 
moderately acid solution of the tercnloride by adding much water. 

Bistnuthoua sulphide (BiS) is sometimes found in nature, but more fivqnently 
hism lUhic sulphide ( Bi,8s) or bism lUh glance, which occurs in dark-grey lustrous prisms 
isomorphouB with native sulphide of antimony. It is also obtained as a bla^ pre¬ 
cipitate by the action of hydrosulphuric acid upon bismuthic salts. Bismuthic sul¬ 
phide is not soluble in diluted sulphuric or hydrochloric acid, but dissolves easily in 
nitric acid. 


ANTIMONY. 

Sb"' = 122 parts by weight. 

273. Antimony is nearly allied to bismuth in both its physical and 
chemical characters. It is even harder and more brittle than that metal, 
being easily reduced to a black powder. Its highly crystalline structure 
is another very well-marked feature, and is at once perceived upon the 
surface of aq ingot of antimony, where it is exhibited in beautiful fem- 
like markings {star anthnony). Its crystals belong to the same system 
(the rhombohedral) as those of bismuth and arsenic. It is much lighter 
than bismuth (sp. gr. 6-715), and requires a higher temperature (800° F.) 
to fuse it, though it is more easily converted into vapour, so that, when 
strongly heated in air, it omits a thick white smoke, the vapour being 
oxidised. Like bismuth, it is but little affected by hydrochloric or dilute 
sulphuric acid, but nitric acid oxidises it, though it dissolves very little 
of the metal, the greater part being left in the form of antimonic acid. 
The best mode of dissolving antimony is to boil it with hydrochloric 
acid and to add nitric acid by degrees. 

Antimony is chiefly found in nature as grey antimony ore or sulphide 
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of-antimony which occnis in Cornwall, but much more abun¬ 

dantly in Hungary. It ia found in veins associated with j^ena, iron 
pyxitra, quartz, and heavy spar. In order to purify it from l^ese, advan- 
tsf^ is taken of its easy fusibility, the ore being heated upon the kearth 
of a reverberatory furnace, with some charcoal to prevent oxidation, when 
the sulphide of antimony melts and collects below the impurities, whence 
it is run off and cast into moulds. The product thus obtained is known 
in commerce as emde antimony, and contains sulphides of arsenic, iron, 
and lead. 

To obtain regulvs of aniitnony or metallic antimony, the sulphide of 
antimony is sometimes fused in contact with refuse met^c iron (such as 
the clippings of tin-plate), when sulphide of iron is formed, and collects 
as a fused slag upon the surface of the melted antimony— 

SbjS^- 4- Fe, = 3FeS + Sbj. 

The antimony thus obtained always contains a considerable proportion of 
iron. 

A purer product is procured by another process, which consists in 
roasting the sulphide in a reverberatory furnace at a temperature insuffi¬ 
cient to fuse it, for about twelve hours, when most of the sulphur and 
arsenic are exp^ed as sulphurous and arsenious acids, carrying with them 
a considerable quantity of oxide of antimony. The roasted ore has a 
brown-red colour, and contains both oxide and sulphide of antimony: 
it is mixed into a paste with ^ its weight of charcoal saturated with a 
strong solution of carbonate of soda. The mixture is strongly heated in 
crucibles, when the oxide of antimony is reduced by the charcoal, and a 
portion of the sulphide, having been converted into oxide by double 
decomposition with the soda (Sb,^S., + SNa^O = SbjOj + SN’t^S), is also 
reduced, the remainder of the sulphide combining with the sulphide of 
sodium to form a slag which floats above the metallic antimony; the lat- 
' ter is cast into ingots for the market, and the slag, known as crocus of 
antimony (chiefly SNajS.SbJSj), is employed for the preparation of some 
of the compounds of the metal. 

On the small scale, antimony may be extracted from the sulphide by fusing it in 
an earthen crucible with 4 parts of commercial cyanide of jiotassium, at a mwerate 
heat; or by mixing 4 parts of the sulphide with 3 of bitartrate of potash and 14 of 
nitre, and throwing the mixture, by small portions, into a red-hot crucible, when 
the sulphur is oxidised, and converted into sulphate of potash, by the nitre, which is 
not present in sufficient quantity to oxidise the antimony, so that the metal collects 
at the bottom of the crucible. 

The brittleness of antimony renders it useless in the metallic state 
except for the construction of thermo-electric piles, where- it is employed 
in coiyunction vrith bismuth. Antimony is employed, however, to 
harden several useful alloys, such as type-metal, shrapnel-shell bullets, 
Britannia metal, and pewter. 

Amorphous antimony .—^The ordinary crystalline form of antimony may be obtained, 
like copper and other metals, by decomposing solutions containing the metal by 
transmitting the galvanic current; but in some cases tl^ antimony is deposited from 
very strong solntions in an amorphous condition, ha^g properties very different 
from those of ordinary antimony. The best mode of obtaining it in this form is to 
decompose a solution of 1 part of tartar emetic (tartrate of antimony and potash) in 
i parts of a strong solution of terchloride of antimony (obtained by heating hydro¬ 
chloric acid with sulphide of antimony till it refuses to dissolve any more), by the 
aid of three cells of Smee’s battery, the zinc of which is connected by a co{^r wire 
with O-plate of copper immersed in the antimonial solution, whilst the platinised 
silver w the battel^-is ocnnected with a plate of antimony in the same solution, at 
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Boine little distance from the copper piste. Hie deposit of antimony vhich forms 
upon the copper has a brilliaut metallic appearance, bat is amorphoas, and not 
crystalline, like the ordinary metaL If it be ^ntly heated or sharply strock, its 
temperature suddenly rises to about 400**, and » becomes converted into a form mote 
neany resembling crystalline antimony. At the same time, however, thick fhmes 
of terchloride of antimony are evolved, for thu substance is always prment in the 
amorphous antimony to we amount of 5 or 6 per cent.,* so that, as yet, there is not 
sufficient evidence to establish beyond a doubt the existence of a pore amorphous 
form of antimony corresponding to amorphous phosphorus, however probable tills 
may appear from the chemical resemblance between these elements. 

274. Oxides of mUmony .—There are two well-known oxides of anti¬ 
mony, the seequioxide (SbjOa) and antimonic acid (Sb,0^. T&roxide or 
scsguioxide of antimony, or antimonic oxide, is formra when antimony 
bums in air, and is prepared on a large scale by roasting either the metd 
or the sulphide in air, for use in painting as a substitute for white lead. 
It is also found in nature as w?dte antimony ore or valentinite. Antimonic 
oxide forms a crystalline' powdi» usually composed of minute prisms 
having the shape of the rarer form of arsenious acid (p. 250), whilst occa¬ 
sionally it is obtained in crystals similar to those of the common octahedral 
arsenious acid, with which, therefore, antimonic oxide is isodinwrpliomA 
When heated in air it assumes a yellow colour, afterwards takes fire, 
smouldem, and becomes converted into the autimoniate of teroxide of 
antimony (SbaOj-SbaOj = Sb.^ 04 ), which was formerly regarded as an inde¬ 
pendent oxide. The teroxide is insoluble in water, but acids dissolve it, 
forming salts, though its basic properties are weak, and its salts rather ill 
defined. Potash and soda are also capable of dissolving it, whence it is 
sometimes called aniimoniom acid. X 

Antimonic acid (SbgOj) is formed when antimony is oxidised with nitric 
acid j it then forms a white powder, which should be well washed and 
dried. When heated it becomes pale yellow, and is decomposed at a high 
temperature, leaving Sb,Oj.Sb,Og. It is di^lvcd by solution of potash 
forming antimoniate of po^h. 

A better method of obtaining the antimoniate of potash consists in 
gradually adding 1 part of powdered antimony to 4 parts of nitre fused in 
a clay crucible, when the oxygon of the nitie converts the antimony into 
antimonic acid, which combines with the potash. The mass is powdered 
and washed with warm water to remove the excess of nitre and the nitrate 
of potash, when the insoluble anhydi'ous antimoniate of potash is left j 
and on boiling this for an hour or two with water, it becomes hydrated 
and dissolves. The solution, when e\'jiporated, leaves a gummy mass of 
antimoniate of potash, having the composition KjO.SbjOj.SAq. 

When the solution of antimoniate of potash is treated with carbonic 
acid, a crystalline precipitate of biantimoniate of potash (K^O.^Sb-Oj) is 
obtained. If antimoniate of potash be fused (in a silver crucible) with 
hydrate of potash, it becomes converted into metavtimoniate of potash 
(2K,O.Sb,Oa), which is decomposed by water into potash and bimetanr 
timmiate of potash (KjO.HjO.Sb,Oj), which may be crystallised from the 
solution. This latter ^t is valuable as a test for soda, since the himetan- 

* It has been plausibly suggested that the sudden rise of temperature may be due to 
the presence of an antimony compound analogous to the so-called chloride of mtsogen, the 
latter element being connected with antimony by several chemical analogies. 

•f The ocWiedm form appears to be produced only when the prismatic form is slowly 
stiblimed in % non-oxidising atmosphore. Tli6 mineral is prismatic oxide of anti* 

mony, and tenarmoniite is the octanedral form of that oxide. 

t Two crystallised antitnonites of sodn have been obtained, the neutral antimonite 
Na,0.8b,p,,6Aq., and the terantimonite Na,0.3Sb,0a.2Aq. ; the former is sparingly 
soluble, tne Uttw almost insoluble in water. 
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tixaoniate of soda, Na,O.H,O.SbjOj, is ono of the very few salts of soda 
which ate insoluble in water, and is therefore obtained as a crystalline 
precipitate when the bimetantimoniate of potash is added to a solution 
containing soda. The solution of bimetantunoniate of potash is gradually 
<^anged by keeping, into antimoniate of potash (KjO.Sb^Oj), which does 
not so readily precipitate soda. 

It will be remar&d that the antimoniates correspond in composition 
with the monobasic (or meta) phosphates, whilst the metantimoniates 
represent the bibasic (or pyro) phosphates. 

Naples ydlow is a compound of antimonic acid with oxide of lead. 


276. Antimmietted hydrogen (ShH,,!) is obtained, mixed with free 
hydrogen, when an alloy of zinc and antimony is acted on by diluted sul¬ 
phuric acid, or when a solution of a salt of antimony (tart^ emetic, for 
example) is poured into a hydrogen apparatus containing zinc and dilute 
sulphuric acid (fig. 272). If the gas be inflamed as it issues into the air, 
it bums with a livid flame, emitting fumes of anti¬ 
monic oxide, and when a piece of glass or porcelain is 
depressed in the flame (fig. 273) it becomes coated with 
a black film of metallic antimony. A red heat decom¬ 
poses the gas into its elements, so that if the tube 
through which it is passing be heated with a spirit 
lamp (fig. 274) a lustrous black deposit of antimony 
will be formed just beyond the heated part The 
composition of antimunietted hydrogen is not certainly 
established, since it has never been obtained unmixed 
with hydrogen; but it is believed to contain SbHj,, 



Pig. 272. 


because, when passed into nitrate of silver, it gives a black precipitate 
oontaining SbAgj. It would then be analogous to ammonia (NH^), 
phosphuretted hydrogen (Plig), and arsenietted hydro¬ 
gen (AsHg). Very minute quantities of antimony are 
detected in chemical analysis by converting it into this 
form. 

Pig. 278. 

276. Chlorides op antimony. —Chlorine and anti¬ 
mony combine readily, with evolution of heat and light; the chlorides 
are among the most important compounds of this metal. 

Terchloride of antimony (SbCIg) may be prepared by distlllmg 3 parts 
of powdered antimony with 8 p^s of corrosive sublimate, when calo¬ 
mel and an amalgam of antimony are left, 
and the terchloride of antimony (boiling 
at 433“ F.) distils over— 

Sbg + 2HgCl, = SbClg + SbHg + HgCl. 

It can also be obtained by boiling pow¬ 
dered antimony or sulphide of antimony to 
dijness with strong sulphuric acid, and 
distilling the sulphate of teroxide of anti¬ 
mony thus obtained, with common salt. 
The terchloride is a soft grey crystalline 
fusible solid, whence its old name of butter 
of antimxmy. It may be dissolved in a 
small quantity of water, but a ku^e quantity 
of water doeom|>osefr it, forming a bulky white precipitate, which is an 
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oxychloride of antimony (SSbCl, + 3H,0 = SbC^SbjO, + 6HC1). 
'Wben hot water is added to a hot soluiioii of terchloride of autimony in 
hydrochloric acid, minute prismatic needles are deporited, containing 
2 SbClj. 6 Sbg 03 , and formerly called powder of Algaroth. The terchloride 
of antimony, in its behaviour with water, much resembles that of bismuth 
Terchloride of antimony is occasionally used in' sntgery as a caustic; it 
also serves as a bronze for gun-barrels, upon which it deposits a film of 
antimony. 

Pmtachloride of aniiinony (SbCl,) is prepared by heating coarsely 
powdered antimony in a retort, through which a stream of dry chlorine is 
passed (fig. 216), the neck of the retort being fitted into an adapter, which 
serves to condense the pentachloride. One ounce of antimony will require 
the clilorine from about 6 oz. of common manganese and 18 oz. (measured) 
of hydrochloric acid. The pure pentachloride is a colourless fuming liquid 
of a very suffocating odour; it combines energetically with a small 
quantity of water, forming a crystalline hydrate, but an excess of water 
decomposes it into hydrochloric and hydmted metantimonic acids, the 
latter forming a white precipitate— 

2SbCls -t- 7H,0 = lOHCl + 2II,O.SbP5. 

Pentachloride of antimony is employed by the chemist as a chlorinating 
agent; thus, olefiant gas (Call^) when passed through it, is converted into 
Dutch li(][uid (CjH^Cla), and carbonic oxide into phosgene gas, the penta¬ 
chloride of antimony being converted into terchloride. 

The pentachloride of antimony is the analogue of pentachloride of phos¬ 
phorus, and a chloromlphide of antimony (SbCl^S), corresponding to 
chlorosulphide of phosphorus, is obtained as a white crystalline solid by 
the action of hydrosulphuric acid upon pentachloride of antimony. 

277. Sulphides of antimony. —The termlphide or sesquisulphide of 
antimony (Sb^Sj) has been noticed as the chief ore of antimony. It is a 
heavy mineral (sp. gr. 4*63) of a dark-grey colour and metallic lustre, 
occurring in masses which are made up of long prismatic needles. It fuses 
easily, and may be sublimed unchanged out of contact with air. It is 
easily recognised by heating it, in powder, with hydrochloric acid, when 
it evolves the odour of hydrosulphuric acid, and if the solution be poured 
into water, it deposits an orange precipitate. This orange sulphide, which 
has the same composition as the grey sulphide, is also obtained by adding 
hydrosulphuric acid to a solution of a salt of antimony (for example, tartar- 
emetic) acidulated with hydrochloric acid. It may be converted into the 
grey sulphide by the action of heat. The orange variety constitutes the 
antimony vennilion, the preparation of which has been described at p. 214. 
Native tersolphide of antimony is employed, in conjunction with chlorate 
of potash, in the friction-tiihe for firing cannon; it is also used in perern- 
tdon caps, together with chlorate of potash and fulminate of mercury. Its 
property of deflagrating with a bluish-white flame when heated with nitre, 
renders it useftd in compositions for coloured tires. 

Glass of antimony is a* transparent red mass obtained by roasting the 
tersulphide of antimony in air, and fusing the product; it contains about 
8 parts of teroxide and 1 part of tersulphide of antimony. 

Bed antimony ore is an oxysulphide of antimony, Sb,08.2Sb,S8. 

PentasulpMde of antimony (Sb^Sj) is obtained as a bright orange-red 
precipitate by the action of hydrosrdphuric acid upon a solution of penta¬ 
chloride of antimony in hydrochloric acid. 
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EXTRACTION Of TIN FROM TIN-STONE. 


Bo& tlie Bolphldes of antimony are sulphmvadds, capable of combining 
with the alkaline sulphides to form sidjpkantinionUee and milphantimmicUes 
mpectiyely. Hence they are easily dissolyed by alkdies and alkaline 
Bolphides. Even metallic antimony, in powder, is dissolved when gently 
heated with solution of sulphide of potassium in which sulphur has been 
dissolved, any lead or iron which may be present being left in the residue, 
so that the antimony may be tested by this process as to its freedom from 
those metals. 

Mineral kmrtes is a variable mixture of sesquioxide and sesquisulphide 
of antimony, which is deposited as a reddish-brown powder from the solu¬ 
tion obtained by boiling sesquisulphide of antimony with potash or soda. 
It was formerly much valued for medicinal purposes. 

SeJiltppe’s salt is the sulphantimoniate of sulphide of sodium 
(SNa^S, BbgSg, 18Hj,0) and may be obtained in fine transparent tetrahedral 
crystals. 


TIN. 

Sq = 118 parts by weight. 

278. Tin is by no means so widely diffused as most of the other metals 
which are largely used, and is scarcely ever found in the metallic state in 
nature. Its only important ore is that known as tinstone, which is a 
binoxide of tin (SiiO,h and is generally found in veins traversing quartz, 
grauite, or slate. It is generally associated with arsenical iron pyrites, 
and with a mineral called wolfram, which is a compound of tungstic acid 
(WOj) witli the oxides of iron and manganese. 

Tin stone is sometimes found in alluvial soils in the form of detached 
rounded masses; it is then called dream tin ore, and is much purer than 
that found in veins, for it has undergone a natural process of oxidation 
and levigation exactly similar to the artificial treatment of the impure ore. 
These detached masses of stream tin ore are not unfrcqnently rectangular 
prisms with pyramidal terminations. 

The Cornish mines famish the largest supplies of tin, and those of 
Malacca and Banca stand next. Tin-stone is also found in Bohemia, 
Saxony, and CaUfomia. At the Cornish tin-works the purer portions of 
the ore are picked out by hand, and the residue, which contains quartz 
and other e^hy impurities, together with copper pyrites and arsenical 
iron pyrites, is reduced to a coarse powder in the stamping-mUls, and 
washed in a stream of water. The tin-stone, being extremely hard, is not 
reduced to so fine a powder as the pyritous minerals associated with it, 
and these latter are therefore more readily carried away by the stream of 
water than the tin-stone. The removal of the foreign matters from the 
ore is also much favoured by the high specific gravity of the binoxide of 
tin, which is 6*5, whilst that of sand or quartz is only 2*7, so that the 
latter would be carried off by a stream which would not disturb the former. 
So easily and completely can this separation be effected, that a sand con¬ 
taining less than one per cent, of tin-stone iif found capable of being 
economically treated. 

In order to expel any arsenic and sulphur which may still remain in 
the washed ore, it is roasted in quantities of 8 or 10 cwts. in a reverbera¬ 
te^ furnace, when the sulphur is disengaged in the form qf sulphurous 
audvi ond the arsenic in that of arsenious acid, the iron being left in the 
state of sesquioxldqi and the copper partly as sulphate of copper, partly 
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as unaltered sulpliide. To complete the oxidation of the 
of cj^paXrAnd its conven^n into the s oluhlB anlphate . the^ roAs^ore ie 
moistened with water and exposed to the air/or some days, after which 
the whole of the copper may be remoYed by f^oin washing with water. 

A second washing in a stream of water also removes the sesqnioxide of 
iron in a state of suspension, and this is much more easily effected than 
when the icon was in the form of pyrites, since the difference between the 
specific gravity of this n3ineTal (5*0) and that of the tia-stono (6*5) is &r 
less than that between sesquioxide of iron and tin-stone. 

The ore thus purified contains between 60 and 70 per cent, of tin j it 
is mixed very intimately with about ^ of powdered co^, and a little lime 
or fluor spar t o form a fusible sl^ With tfiOaftliy ffipurities; the mix- 
ture~is spnnJded with water lb'”prevent its dispersion by the draught 
of air, and thrown on the hearth (A, fig. 275) of a reverb^toiy furnace, 
in charges of between 20 and 25 cwts. 

The temperature is not permitted to rise too high at first, lest a portion 
of the oxide of tin should combine 
witli the silicic acid to form a sili¬ 
cate, from which the metal would 
be reduced with difficulty. 

During the first 6 or 8 hours the 
doors of the furnace me kept shut, 
so as to exclude the air and favour 
the reducing action of the carbon 
upon the binoxide of tin, the oxy¬ 
gen of which it converts into car¬ 
bonic oxide, leaving the tin in the 
metallic state to accumulate upon 
the hearth beneath the layer of slag. 

When the reduction is deemed com¬ 
plete, the moss is well stirred with 
an iron paddle to separate the metal 
from the slag; the latter is run out 
first, and the tin is then drawn off 
into an iron pan (B), where it is 
allowed to remain at rest for the 
dross to rise to the surface, and is 
ladled out into ingot-moulds. 

The slags drawn out of the smelting-furnace are carefully sorted, those 
which contain much oxide of tin being worked up with the next charge 
of ore, whilst those in which globules of metallic tin are disseminated are 
crushed, so th^t tlie metal may be separated by washing in a stream of water. 

The tin, when first extracted from the ore, is far from pure, being con¬ 
taminated with small quantities of iron, arsenic, copper, and tungsten. 
In order to purify it from these, the ingots are piled into a hollow heap 
near the fire-bridge of a reverberatory furnace, and gradually heated to the 
fusing point, when the gre(rt)er portion of the tin flows into mi outer basin, 
whilst the remainder is converted into the binoxide, which remains as 
dross upon the hearth, together with the oxides of iron, copper, and. tung¬ 
sten, the arsenic having passed off in the fonn of arsenious acid, 
ingots of tin are introduced at intervals, until about 5 tons of the metel 
have collected'in the b^in, which is commonly the case in about an hcwir 
after the commencement of the operation. 



Pig. 275. 
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The specific gravity of tin being very low (7*286), any dross which 
mny stoi remain mingled with it does not separate very readily; to 
obviate this, the molten metal is well agitated by stirring with wet 
wooden poles, or lowering biliets of wet wood into it, when the evolved 
bubbles of steam carry the impurities up to the surface in a kind of froth; 
the stirring is continued for about Ibree hours, and the metal is allowed to 
remain at rest for two hours, when it is skimmed and ladled into ingot- 
moulda It is found that, in consequence of the lightness of the metal, 
and its tendency to separate from the other metals with which it is con¬ 
taminated, the ingots which are cast from the metal first ladled out of the 
pot are purer than those from the bottom; this is shown by striking the 
hot bigots with a hammer, when they break up into the irregular prismatic 
frt^pnents known as dropped or grain-tin, the impure metal not exhibitmg 
this extreme brittleness at a high temperature. The tin imported from 
Banca is celebrated for its purity {Straits tin). 

When the tin ore contains wolfram, it is usual to purify it before smelt¬ 
ing, by fusion with carbonate of soda in a reverberatory furnace, when 
the tungstic acid is converted into tungstate of soda, which is dissolved 
out by water and crystallised. This salt finds an application in calico- 
printing. 

On the small scale, tin may be extracted from tin-stone, by fusing 100 
grains with 20 grains of dried carbonate of soda, and 20 of dried l^rax, 
in a crucible lined with charcoal, exactly as in the extraction of iron (see 
p. 319). 


279. By its physical characters, tin is very readily distinguished from 
other metals. If a bar of tin be bent, it emits a peculiar crackUng sound. 
With the exception of lead and zinc, it is the leswt te nac ious of allihe 
metal s in common use; its ductility is therefore veiy low, andlead is the 
only commonmetal which is more difficult to draw into wire at the ordi- 
joajy temperature. Tin may, however, be drawn at 212® F. 

'Jfc fusibility, tin su rpasaes-Jill the other commoji .me;^^_becom^ 
liquid at 442° F., but it is not easily vaporised. Its malleability is also 
vpry great, only gold, silver, and copper exhibiting this quality in a higher 
degree. This malleability is shown in the manufacture of tin-foil, where 
plates of the best tin are hammered down to a certain thinness, then cut 
up, laid upon each other, and again beaten till extended to the required 
degree. 

Tinrplate, it must be remembered, is made in a very difierent way, by 
coating sheets of iron with a layer of tin; the best kind, known as hlo^ 
ijn, being that which is covered with the t hickest layer oLAiau andL alfer- 
waids ham mered upon a polished anvil in drJer’to consolidais the coating 
and m&e it adhere more firmly. T^, being unaltered by exposure to air 
at the ordinary temperature, will effectoally protect the iron from rust as 


long as the coating of tin is perfect, but as soon as a portion of the tin is 
amoved so as to leave the iron exposed, corrosion will take place very 
rapidly, because the two metals form a galvanic couple, which will decom¬ 
pose the.^^r {charged with carbonic acid) deposited dJRUh them!Tflffi 


.{chOTg 


:en, w ill be the 
h rinc), on the 


the anrgm g^ <j p ‘o^htffimg the &fe^tion fpr oxygei^ w ill be the 

i petal attacked.^ lar the case of ^vanised iron (coated min zmfc), on the 
contn^, the rinc wo uld be the metal attacked^and jxgme the greater 
^dpl^’itity of this matenaTundmr certain conditions.*' *“ *“ !■ • ^ 

^ For the mantl&citure af tin-plate, the very best iron refined with char- 
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coal (aee p. 308) is employed, sad tibe most impoitaat part of the process , 
coosUts in cl eansiag the iron pla tes from every trace of osi^wbicK wonld 
prevent the adhesion of th e tm. To effect this they are made to nnd^o 
seve^processes, of which the most important are—(1), immersion in 
dilated sulphuric acid; (2), heating to recess; (3), hammering and roll¬ 
ing to scale off the oside; (4), steeping in soar hran; (5), immersion in 
mixed diluted sulphuric and ^drochloric acids •, (6), scouring with hran; 

, (7), washing with water; "ffire'IJlBirdried for an hour in a vessel of 
mfil lfid taUp w preypTita nnntq.yt pf air, and immersed for ^ hou? i 
and a halfm melted tin, the surface of which is protected from (mdation 
by tallow; after drai^ng, they are dipped a ^ cond time into the tin to 
tMcken the layer; then transferred to a bath of hot tallow to allow the 
superfluous tin to run down to the lower edge, whence it is afterwards 
removed by liquefying it in a vessel of melted tin, and shaking it off by 
a sharp blow. About 8 lbs. of tin are required to cover 225 plates, 
weighing 112 lbs. 

Tenui-plate is iron coated with an alloy of tin and lead. 

In tinning the interi or of copper vpsapla. in order to prevent the con- > 
tamin^IouM fo pd with the copper, the surface is first thoroughly cleaned 
from oxide by heaJMgirancl'rubbing over it a little sal-ammoniac (hydro- 
chlorate of ammonia, NHg.HCl), wliich decomposes any oxide of copper, 
converting it into the volatile chloride of copper (CuO + 2(NHj.HCl) = 
CuClg + HgO + 2NH,). A little resin is then sprinkled pjpn the 
metallic surface, to protAol; it frm;T\ and the mel fed'ti n is^spread^ 

over it with tow. 

Pins (made of brass wire) are coated with tin by boiling them with 
cream of tartar (bitartrate of potash), common salt, alum, granulated tin, 
and water; the tin is oxidised at the expense of the water, and is then 
dissolved by the acid liquid, from which solution it is reduced by elec¬ 
trolytic action, for tlie tin is more higldy electro-positive than the brass, 
and the latter acts as the negative plate. 

280. Alloys of tin .—The solder employed for tin wares is an alloy o? 
tin and lead in various proportions, sometimes containing 2 parts of tin 
to 1 of lead (fine solder), sometimes equal weights of the two metals 
(common solder), and sometimes 2 parts of lead to 1 of tin (coarse solder). 
All these alloys melt at a lower temperature than tin, and, therefore, than, 
load. In applying solder, it is essential that the surfaces to be united be 
quite free from oxide, which would prevent the adhesion of the solder; 
this is insured by the application of sal-ammoniac, or of hydrochloric 
acid,* or sometimes of powdered borax, remarkable for its ready fusibility 
and its solvent power for the metallic oxides. 

Tin forms* the chief part of the alloys known as pewter and Britannia 
metal, the former being composed of about 4 parts of tin and 1 of lead, 
whilst the latter contains, in addition to the tin, comparativ«ly small 
quantities of antimony, copper, and lead. Another similar alloy is com¬ 
posed of 12 parts of tin, h of antimony, and a little copper. 

/ Chm metal is an alloy of 90*5 parts of copper with 9*6 of tin, especially 
"valuable fer its tenacity, hardness, and fusibility. In preparing this 
alloy, it is nmial to melt the tin, in the first place, with twice its weight 
of copper, when a white, hard, and extremely brittie alloy ijmrd metal) ie 

It t) cttstomaiy to kiU the hydrochloric add by dissolvine some riac in it. The 
chloride of zinc is probably useful m protecting the work trom. oridotion. 
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oMainod. 1%0 remainder of tJid ^ppet is fined in a d^ndisdng flame 
on lihe hearth a merberato]^ ftunace, a^d the hanl metal thoionghljr 
fidaced it, long wooden atiitxexB hek^. employed. A quantity of old 
gun metal is usually melted with the copper, and flicilitates the mixing of 
&e metals. When the metals are thoroughly mixed, the oude is re¬ 
moved from the surface, uid'the gun metal is rttn into moulds made of 
loam, the stirring being continued during the running, in order to prevent 
the separation, to which this alloy is very liable, of a white alloy contain¬ 
ing a larger proportion of tin, which ^ a lower specific gravity, and 
would chiefly collect in the upper part of the casting. In casting cannon 
(erroneously called brats guns), the mould is placed perpendiculwly with 
the muzzle upwards, the upper part of the mould being about 3 feet 
longer than is requirkt for the gun, so that a superfluous cylinder of metal 
or dead-head is formed, in which the separated aUoy collects, together 
with any oxide or dross which may have run out wi& the metal; pro¬ 
bably, also, the weight of this column of metal hastens the solidification 
and hinders the separation of the metals, at the same time increating the 
density and consequent tenacity of the metal at the breech of the gun 
this dead-head is cut off before the gun is turned and bored. The metal 
is ran into the mould at a temperatiure as near its point of solidification as 
possible, so as to diminish the chance of separation. The purest commer¬ 
cial qualities of copper and tin are always employed in gun metal 
^ Brmm is essentially an alloy of copper and tin, containing more tin 
than gun metal; its composition is varied according to its application, 
small quantities of zinc and lead being often added to it. Bronze is 
affected by changes of temperature, in a manner precisely the reverse of 
that in which st^ is influenced, for it becomes hard and brittle when 
allowed to cool slowly, but soft and malleable when quickly cooled. 
The art of making bronze was practised before any progress had been 
made in working iron, and ancient weapons were very commonly of this 
material. 

^ Bronze win (substituted for the copper coinage) is composed of 96’ 
'copper, 4 tin, and 1 zinc. 

/ Bdl metal is an alloy of about 4 ports of copper and 1 of tin, to which 
l6a<^and zinc are sometimes added. The metal of which musical instru¬ 
ments are made generally contains the same proportioim of copper and tin 
as bell metal. 

/ 8p&itdum metal, employed for reflectors in optical instruments, con- 
'^^sists of 2 parts of copper and 1 of tin, to which a little zmc, arsenic, and 
silver are smnetimes added to harden it and render it susceptible of a high 
polish. ' 

j A superior kind of type metal is composed of 1 part of tjn, 1 of anti- 
f^ny, and 2 of lead. ^ 

Tin it not dissolved by nitric acid, but is converted into a white 
powder, the binoxide of tin \ bydrocbloiic acid dissolves it with the aid 
of heati evolving hydrogen; hut the best solwnt for tin is la nurture of 
bydrortriwie-4rifr A When the metal isartgff'u^n by 

hydfbcyoric agid, it assumes a cxyrtalline appearance, which has been 
tamed to account for <»namenting ^ ^ common tin¬ 

plate rubbed orear with tow dipp^ in a warm mixture of hydrochloric 
an4|utnc acids,ita sxu&ce is yesty joettUy diversified (^iri unMaUique) ; 
it SI usual to siitfaee with a coloured transpeMUt varnish. 
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Commercial tiii is liable to contain minute quantities o£ lead, iron, 
copper, arsenic, antimony, bismu% gold, nudybdenum, and tungsten. 
Pure tin may be precipitated in ciystols by the feeble galvanic current 
excited by immersing a pkte of tin in a strong solution of stannous 
chloride, covered with a layer of water, so that tiie metal may be in con¬ 
tact with both layers of liquid. 


281. Oxides of Tin. —Two oxides of this metal are known—^the prot¬ 
oxide, SnO, and the binoxide, SnO, 

Protoxide of tin (SnO), or utannous oxide^ is a substance of little prac¬ 
tical importance, obtain^ by decomposing stannous chloride with an 
alkali. Its colour varies, according to the mode of preparing it, £rom 
black or ohve-coloured to red. It is a feebly basic oxide, and therefore 
dissolves in the acids; it may also be dissolved by a strong solution of 
potash, but is then easily decomposed into metallic tin and the binoxide 
which combines with the potash. 

Biruixide of tin (SnO^) or stannic oxide, has been mentioned as the 
chief ore of tin, and is formed when tin is h^ted in ah. Tinstone, or 
eassiterite, as the natural form of this bxidels cariedTbccurs in very h^, 
square prisms, usually coloured brown by peroxide of iron. In its insolu¬ 
bility in acids it resembles crystallised silica, and, like that substance, it 
forma, when fused with alkalies or their carbonates, compounds which are 
soluble in water; these compounds are termed stannates, the binOxide of • 
tin being known as stannic acid. 

Staunate of soda is prepared, on the large scale, for use as a mordant 
by calico-printers. The prepared tin ore (p. 379) is heated with solution 
of hydrate of soda, and boiled down till the temperature rises to 500° or 
600° F.; or the tin ore is fused with nitrate of s(^a, when the nitric acid 
is expelled. It crystallises easily in hexagonal tables having the compo¬ 
sition NajO.SnO,, 4Aq., which dissolve easily in cold water, and are 
partly deposited again when the solution is heated. Most neutral salts of 
the alkalies also cause a separation of stannate of soda from its aqueous 
solution. The solution of stannate of soda has, like the silicate, a strong 
alkaline reaction, and when neutralised by an acid, yields a precipitate of 
hydrated stannic acid, HjO.SnO,. If the solution of stannate of soda he 
added to an excess of hydrochloric acid, the stannic acid remains in solu¬ 
tion, aiM if the liquid be dialysed (see p. Ill), a jelly is first formed, which 
gradually liquefies os the chloride of sodium diffuses away, and eventually 
a pure aqueous solution of stannic acid is obtained, which is very easily 
gelatinised by the addition of a minute quantity of hydrochloric acid, or 
of some neutral salt. The great similarity between stannic and silicic 
acids is here very remarkable. When heated, stannic acid is converted 
into metastannic acid. 


Metastannie acid (Sn,0.o) is obtainod as a white crystalline hydrate when tin is 
oridisedby nitric acid; when washed with water and dried exposure to air, it has 
the composition SniOi^lOHjO, but when dried at 212" F. it becomes 3ngO,j.&HpO. 
If more stron^y heated, it assumes a yellowish colour, and a hardness resembling 
that of powdered tin-stone. Pfitty povoder, used for polishing, consists of meta- 
stannic acid; as found in commerce it generally contains much oxide of leadi' ■ Meta- 
stannic acid is infl olwhlft in water and minted acids, and when with hydrated 
alkalies, is converted into a soluble stannate; but if boiled with solution of potash it ' 
is dissolved in the form of metastannate of potash, which will not crystaUise, like 
the stannate, ba$ is obtained as a granular precipitate by dissolving hydrate of 
potash in its solutipB. This precipitate has the compositaon K«O.Sn,Oio-4Aq. ; 

IS very solnble in water, and is strongly alkaline. When it is heated to mqpm 
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irateTj it is decomposed, and the potash may he washed out with water, leaving meta* 
stannic aciiL The hydrated metastannic acid may be distinguished from hydrated 
stannic add by the action of protochloride of tin, which converts it into the ydlow 
metastannate of tin (SnO.Sn,Ojo.4Aq.). 

StanneUe of tin is obtained as a yellowish hydrate by boiliim protochloride of tin 
with hydratra sesqniozide of iron; PejO, + 2SnC4 => SnO.^Ug + 2FeCl,. It is 
sometinies written SngO,, and called sesquioanAc of Un. 

% 

282. Chlorides op tin. —The two chlorides of tin correspond in com¬ 
position to the oxides. 

Stannous chloride, ox protochloride of tin (SnCl,), is much used by dyers 
and calico-printers, and is prepared by dissolving tin in hydrochloric acid, 
when it is deposited, on cooling, in lustrous prismatic needles (SnCl,.2Aq.), 
known as tin crystals or salts of tin, Thf solution of the tin is generally 
effected in a copper vessel, in order to accelerate "the action by forming 
a voltaic couple, of which the tin is the attacked metal. When gently 
heated, the crystals lose their water, and are partly decomposed, some 
hydrochloric acid being evolved (SnCl, + H^O = SnO + 2HC1); but, at a 
higher temperature, a great part of the chloride may be distilled in the 
anhydrous state; the anhydrous chloride is generally prepared by distill¬ 
ing powdered tin with corrosive sublimate, when it remains in the retort 
as a brilliant grey solid, which requires a bright red heat to convert it into 
vapour. ’• When water is poured upon the crystals of stannous chloride, they 
, are only partially dissolved, a white oxychloride of tin (SnClg.SnO.2Aq.) 
being separated. A moderately dilute solution of stannous chloride absorbs 
oxygen from the air, and deposits a white compound of perchlorido and 
binoxide of tin j 2SnC4 + 03 = SnCl^.SnOj. If the solution contains 
much free hydrochloric acid it remains clear, being entirely converted into 
perchloride of tin. A strong solution of the chloride is not oxidised by 
the air, and the weak solution may be longer preserved in contact with 
metallic tin. Stannous chloride has a great attraction for chlorine as well 
as for oxygen, and is frequently employed as a deoxidising or dechlorinat- 
ing agent. Tin may be precipitated from stannous chloride by the action 
of xinc, in the form of minute crystals. A very beautiful tin tree is 
obtained by dissolving granulated tin in strong hydrochloric acid, with 
the aid of heat, in the proportion of 8 measured oz. of acid to 1000 grs. 
of tin, diluting the solution with four times its bulk of water, and infro- 
ducing a piece of zinc. 

Stannic chloride, or Imhloride, or tetrachloride of tin (SnCl^), is ob¬ 
tained in solution when tin is heated with hydrochloric and nitric acids; 
for the use of the dyer, the solution initromuriate of tin) is generally 
made with hydrochlorate of ammonia (sm-ammoniac) and nitric acid. The 
anhydrous perchlorido is obtained by heating tin in a current of dry chlo¬ 
rine, when combination takes place with combustion, and j)he perchlorido 
distils over as a heavy (sp. gr. 2'28) colourless liquid, volatde (boiling 
point, 240° F.), and giving suffocating white fumes in the air. When 
mixed with a little water, energetic combination takes place, and a 
crystalline hydrate (SnClg.5Aq.) is formed, which is decomposed by an 
excess of water, with separation of hydrated stannic acid. Stannic 
chloride forms crystallisable double salts with the alkaline chlorides. Pink 
salt, used by dyers, is a compound of stannic chloride with hydrochlorate 
of ammonia 2 ( 3 >l^.HCl).SnCl«. 

' ^ 283. ^ SuipMdes of tin ,—^The protosulphide, or stannous sulphide (SnS), 
is found lift CjfmiWall as tin pyrites, and may be easily prepared by heating 
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ti n with Bulphnr, when it fonns a grey ciystalline mass. It is also 
oBtwneJliTaSKbrown precipitate by the action of hydrosulphuric acid 
upon a solution of stwnous chloride. Protosulphide of tin is a sulphur- 
base, but it may be dissolved by alkalies if some sulphur added, whicli 
converts it into the bisulphide, a decided sulphur acid. 1 

Bisulphide of tin, or stannic sulphide (SnSJ, is commonly known as| 
mosaic gold or bronze powder* and is used for decorative purposes. It is 
prepared by a curious process, which was devised in 1771, and must have 
been the result of a number of trials. 12 parts by weight of tin are dis¬ 
solved in 6 parts of mercury; the brittle amalgam thus obtained is 
powdered and mixed with 7 parts of sulphm' and 6 of sal-ammoniac. 
The mixture is introduced into a Florence flask, which is gently heated 
in a sand-bath as long as any smell of hydrosulphuric acid is evolved; 
the temperature is then raised to dtUl redness until no more fumes are 
disengaged. The mosaic gold is found in beautiful yellow scales at the 
bottom of the flask, and sulphide of mercury and calomel are deposited in 
the neck. - The mercury appears to be used for eUccting the fine division 
of the tin, and the sal-ammoniac to keep down the temperature (by its 
volatilisation) below the point at which the bisulphide of tin is converted 
into protosulphide. 

Mosaic gold, like gold itself, is not dissolved by hydrochloric or nitric 
acid, but easily by aqua regia. Alkalies also dissolve it when heated, 
since the bisulphide of tin is a sulphur acid. On adding hydrosulphuric 
acid to a solution of stannic chloride, the stannic sulphide is obtained 
as a yellow precipitate. 


284. Titanium (Ti = 50 parts by weight), which stands in close chemical relation¬ 
ship to tin, used to be descnlied as a very riii-e metal, but it has lately been found to 
exist in considerable quantity in iron ores and clays, although no veiy important 
practical application has hitherto been found for it. The form in which it is gene- 
rally found is titanic acul (TiO^), which occurs uncombined in the minerals rviiU, 
anatase, and brookik, the first of which is isomorphous wdth tin-stone, and is ex¬ 
tremely hard like that mineral. In combination with oxide of iron, titanic acid is 
found in iron-sand, iscrine, or vumachanite (found oiiginally at Menachau in Corn¬ 
wall), which resembles gunpowder in appearance, and is now' imported in abundance 
from Nova Scotia and New Zealand. Some specimens of this niincal contain 40 per 
cent, of titanic acid, combined with protoxide of iron. To extract titanic acid from 
it, the finely ground mineral is fused with three parts of carbonate of potash, when 
carbonic acid is expelled and titanate of potash formed ; on washing the mass with 
hot water, this salt is decomposed, a i)art of its alkali being removed by the water, 
and an acid titanate of potaw left, mixed with the oxide of iron. This is dissolved 
in hydrochloric acid, and the solution evaporated to diyness, when the titanic acid, 
and any silicic acid which may lie present, are converted into the insoluble modifica¬ 
tions, and are left on digesting the residue again with dilute hydrochloric acid; the 
residue is washed with water (by decantation, for titanic acid easily passes through 
the filter), di'icd, and fused at a gentle heat with bisulphate of pot^h. The sul¬ 
phuric acid fonfls a soluble compound with the titanic acid (TiOj.SOs), which may 
be extracted by cold water, leaving the silicic acid undissolved. The solution oon- 
tainiu p the titanic acid is mixed with about twenty times its volume of water, and 
boiled for some time, when the titanic acid is separated as a white precipitate, 
exhibiting a great disposition to cling as a film to the surface of the fla^ in which 
the solution is boiled, and giving it the appearance of being corroded. The titanic 
acid becomes yellow when strltogly heated, and white again on cooling; it does 
not dissolve in solution of potash like silica, but when fused with potash it forms 
a titanate, which is decomposed by water; the acid titanate of potadi which is left 
may be dissolved in hydrochloric acid, and if the solution be neutralised with car- 
boimte of ammnTiia , hydwted titanic acid is precipitated, veiy much resembling 


* Bronze powder is also mode by t 
a little oil being used to prevent oxidation. 


; finally laminated alloys of copper and zinc, 

2 B 
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TUNGSTEN. 


al ntwhifl. In appeaiance. By dissolving tie gdatinous hydrate in cold h^drwhloric 
#Ttid) and duuysing, a solution of titamc acid in water is obtained, which is liable to 
gelatinise spontaneously if it contain more than one per cent, of the acid. 

Titanic add is employed in the manufacture of arUficiol teeth, and for imparting 
a straw-yellow tint to tue glaze of porcdain. 

If a mixture of titanic add and charcoal be heated to redness in a porcelain tube. 
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TwagstaU of baryta lias been emploved os a substitute for wliite load iu painting. 

The most (mracteiistic property of tunptic acid is that of yielding a We oxide 
(WOj.WOj), when placed m cont^ with hydrochloric acid and metallic zinc. 

A very remarkable compound containing tungstic acid and soda is obtained when 
bitungstato of soda (lTagO.2W0,.4H,0) is fused with tin. If the fused mass be 
treats with strong potasli, to remove free tungstic acid, washed with water, and 
treated with hydrochloric acid, yellow lustrous cnbicid crystals are obtained, which 
are remarkable, among s^ium compounds, for their resistance to the action of mter, 
of alkalies, and of all acids except hydrofluoric. The composition of these crystals 
appears to be Na,O.WO,.2WO.. 

The hiiumde of tungstm (WO.) appears to be an indiflerent oxide, and is obtained 
by reducing tungstic acid with hydrogen at a kw red heat, when it forms a brown 
liowder which is dissolved by boiling in solutiorof potash, hydrogen being evolved, 
and tungstate of potash formed. 

Metallic tungsten is obtained by reducing tungstic acid with charcoal at a white 
heat, as an iron-grey infusible metal of sp. gr, 17‘6, very hard, not affected by hydro¬ 
chloric or diluted sulphuric acid, but converted into tungstic acid by the action of 
nitric acid. When timpfsten is disso lved in about ten times its w eight of fused ste ely / 
it forms an extremely Bafd^lloy. ' ' ” 

When tungsten is heated in chlorine, the tungstic chloride (WCl,) sublimes in 
bronze coloured needles, which are decomposed by water. When gently heated iu 
hydrogen, it is converted into the tetrachloride (WCl,), but if its vapour be mixed 
with hydrogen and passed through a glass tube heated to redness, metallic tungsten is 
obtained in a form in which it is not dissolved even by aqua regia, though it may be con¬ 
verted into tungstate of potash by hypochlorite of potash mixed with potash in excess. 

Bisulphide of tungsten a l»lack crystalline substance resembling plumbago, 

obtained by hcati^ a mixture of bitungstate of potash with sulphur, and washuig 
with hot w'ater. Tersulphide of tungsten (WSg) is a sulphur-acid, obtainable as a 
brown precipitate by dissolving tungstic acid in an alkaline sulphide, and precipi¬ 
tating by an acid. 


286. Moltsdekum (Mo = 96) derives its name from lead, on account 

of the resemblance of its chief ore, molyhdena, to black lead. Molybdena is the bisul¬ 
phide of molybdenum (MoS^), and is found chiefly in Bohemia and Sweden ; it may 
be recognised by its remarkable similarity to plumliago, and by its giving a blue solu¬ 
tion when boiled with strong sulphuric acid. It is chiefly emi>loyed for the prepara¬ 
tion of molybdate of ammonia, which is used in testing for phosphoric acid. For this 
puiqmethe bisulphide of molybdenum is roasted in air at a dull red heat, when 
sulphurous acid is evolved, and molyhdk acid (MoO.) mixed with oxide of iron is left. 
The residue is digested with strong ammonia, which dissolves the molybdic acid in 
the fonn edmoh^iatc of ammonia, obtainable in prismatic crystals on evaporation. 
When 9 solution of molybdate of ammonia is added to a phosphate dissolved in 
diluted nitric acid, a yellow precipitate of phosphmnolyhdale of ammmiia is produced, 
which contains molybdic and phosphoric acids combined with ammonia, by the for¬ 
mation of which very minute quantities of phosphoric acid can be detected. If 
hj^drochloric acid be added in small quantity to a strong solution of molybdate of 
ammonia, the molybdic acid is precipitated, but it is dissolved by an excess of 
hydrochloric acid, and if the solution be dialysed, the molybdic acid is obtained in 
the form of an aqueous solution which reddens blue litmus, has an astringent taste, 
and leaves a soliible gum-like residue when evaporated. Molybdic acid fnses^ at a 
red heat to a yellow glass, and may be sublimed in a current of air in shining 
needles. In contact with diluted hydrochloric acid and metallic zinc, it is con¬ 
verted into a •blue compound of molybdic acid with binoxide of molybdenum 
(Mo0..4MoO,) which is soluble in water, but is precipitated on adding a saline 
solution. Molybdate of lead (rbO.MoOj) is found as a yellow ciystallme mineral. 
The binoxide of molybdenwm (MoOg) is basic, and forms dark red-brown salts. Prot¬ 
oxide of molybdenum (MoO) is obtained by adding an alkali to the solution resulting 
from the prolonged action of zinc upon a hydrochloric solution of molybdic acid. It 
18 a basic oxide which absorbs Sxygon from the air. ..v v i i. 

Metallic molybdenum is obtained by reducing molybdic acid with charcoal at a 
white heat, as a white metal, fusible with difficulty, unacted upon by hytooMqnc and 
diluted sulphuric tmids, but converted into molybdic acid by boiling with nitric acid. 
It is rather a light metal, its specific gravity being 8-62. When heated in chlorme 
it yields tetraclbloHdeofmolybdemm (MoCl*), which forms a red vapour, and c(mdenses 
in crystals resembling iodinei soluble in water- A bichloride (MoCl^) is also known. 
The tersulphide (MoSg) and tetrasufyhidc (MoS^) of molybdenum are sulpbur-acids. 
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la additioa to the afttaral soorces of molybdennm Above mentioaed, th^ may be 
noticed molybdie ocAre (an impaie molybdio acid), and the difficultly fusible masses 
bear, firom the copmr works m Saxony, which contain a large amount of 
molyb^um combined wim iron, copper, cobalt, and nidcel. 

287. Vanadium* (V = 61 "8 ) was originally discovered in certain Swedish iron orea 
but its (^ef ore is the vcmidiate of lead, which is found in Scotland, Mexico, and 
fihiH. Vanadic add has also been found in some clays, in the cupriferous sandstone 
at Perm in Bussia, and Alderley Edge in Cheshire. By treating the vanadiate of 
lead with nitric acid, expelling the excess of acid by evaporation, and washing out 
the nitrate of lead with water, impure vcmadic add (VjO,) is obtained, which may 
be purified by dissolving in ammonia, crystaUising the vanadiate of ammonia, and 
decomposing it by heal^ when vana^ acid is left as a reddish-yellow fusible solid, 
which cryswllises on cooling, and dissolves sparingly in water, ^ving a yellow solu¬ 
tion. It dissolves in hydrochloric acid, and if the solution be treated with a reducing 
agent (such as hydrosulphuric acid) it assumes a fine blue colour. If a solution cn 
vanadiate of ammonia be mixed with tincture of galls, it gives an intensely black 
. fluicl, which forms an excellent ink, for it is not bleawed by acids (which turn it 
' blue), alkallei^ or chlorine. 

Vanadium itself has not been obtainecL Berzelius endeavoured to procure it by 
heating vanadic acid with potassium, but Roscoe, who has carefully investigated the 
vanahum compounds, has shown that the apparently metallic pbwder thus obtained 
is really an oxide (V,0,). 

The oxides of vanadium correspond in composition to those of nitrogen (omitting 
N,0). V,0, is a basic oxide, forming salts which give lavender-coloured solutions; 
these absorb oxygen rapidly from the air, and act as powerful reducing agents. 
y,OB is a black crystalline body resembling plumbago, and capable of conducting 
decmcity, obtained by heating vanadic acid in a current of hydrogen ; it is a basic 
oxide. V.O^ is produced when YjO, is heated in air; it also plays the jiart of a base, 
yielding mue salts. Vanadic add, VgOg, forms purple and green comjiounda with the 
above oxides. The yellow fuming liquid formeriy called chloride of vanadium is 
really an oxychloride vOClg, The oxychlorides VgOjCl, VOCl, and VOCL, have also 
been obtained. There are two compounds of vanadium with nitrogen, VN and VN,. 
It will be remarked that the composition of the compounds of vam^um connects this 
metol with nitrogen, phosphorus, and arsenic. 

28& Niobium (Nb = 04) (formerly colled columMum) has been obtained from a rare 
dark grey hard crystalline mineral known as eolumbite, occurring in Massachusetts. 
This mineral contains niahie add (NbOg) combined with the oxides of iron and 
manganese. 

The niobic acid is extracted by a labdrious process, and forms a white powder spar¬ 
ingly soluble in hydrochloric acid. Niobium itself has been obtained as a black 
powder insoluble in nitric acid and in aqua regia, but dissolved by a mixture of nitric 
and hydrofluoric acids. _ .i 

ToMtalum, formerly believed to be identical with niobium, occurs in the taiUdlite 
and yttrota/i^liU of Sweden, which contain tantalic add (TaOglt resembling niobic 
acid. 

Niobium and tantalnm have recently been found to the amount of 2 or 8 per cent, 
in the tin ore of Montebras. 


PLATINUM. 

Pt = 197*1 parts by weight. 

289. Platiimin {platina, Spanish diminutiTe of silver) is hlways found 
in the metallic state, distributed in flattened grains through alluvial 
deposits similar to those in which gold is found; indeed, these grains are 
generally accompanied by grains of gold, and of a group of very rare 
metals only found in platinum ores, viz., pq^ladium, iiidium, osmium, 
rhodium, and ruthenium. Bussia lurches the largest supply of platinum 
from the Ural Mountains, but smaller quantities are obtained firom Proitil, 

, Peru, Borneo, Australia, and California. 

The process for obtaining the platinum in a marketable form is rather 

V * Vamdis, a Bcaudmavian deity. 

t Ta,0» according to more recent experiments. 
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a chemical than a metallurgic operation. The ore, containing the graana 
of platinttm and the associated metals, is heated with a dilute mixtore of 
hydrochloric and nitric adds, by which the platinum is converted into 
perchloiide of platinum (PtCl^) and dissolv^, whilst the iridium and 
osmium are left in the residue. The solution is then mixed with some chlo¬ 
ride of ammonium, which combines with the perchloiide of platinum to form 
a yellow insoluble salt (ammonio^hloiide of platinum, 2(KH,.HGl).Pi<!:!l^). 
This precipitate is collected, washed, and heated to recess, when all & 
constituents, except the platinum, are expelled in the form of gas, that 
metal being left in the peculiar-porous condition in which it is l^own as 
spongy plaiinum. To convert this into compact platinum is by no means 
an easy task, on account of the infusibility of the metal, for it remains 
solid at the very highest temperatures of our furnaces. The spongy 
platinum is finely powdered in a wooden mortar (as it would cohere into 
metallic spangles in one of a harder material) and rubbed to a paste with 
water; this paste is then rubbed through a sieve to render it perfectly 
smooth and uniform, and introduced into a cylinder of brass, in which it 
is subjected to pressure so as to squeeze out the water and cause the 
minute particles of platinum to cohere into a somewhat compact disk; 
this disk is then heated to whiteness and beaten into a compact metallic 
ingot by a heavy hammer; it is then ready for forging. 

A more modern process for obtaining platinum from its ores is based 
upon the tendency of this metal to dissolve in melted lead. The platinum 
ore is fused in a small reverberatory furnace, \?ith an equal weight of sul¬ 
phide of lead and the same quantity of oxide of lead, when the sulphur 
and oxygen escape as sulphurous acid, and the reduced lead dissolves the 
platinum, leaving undissolved a very heavy alloy of osmium and iridium 
which sinks to the bottom. The upper part of the alloy of lead and 
platinum is then ladled out and cupelled (pa^ 351), when the latter metal 
is left in a spongy condition, the lead being removed in the form of 
oxide. The platinum is then fused by the aid of the oxyhydrogen blow¬ 
pipe, in a furnace made of lime (fig. 276), whence it is poured into an 
ingot mould made of gas-carbon. The melted platinum absorbs oxygen 
mechanically like molted silver, and evolves it again on cooling (see pi^e 
362). Platinum articles are now frequently made from the fus^ met^ 
instead of from that which has been welded. 

Its resistance to the action of high temperatures and of most chemical 
agents, renders platinum of the greatest service in chemical operations. 
It will be remembered that platinum stills 

are employed, even on the largo scale, for the B^****^ I 

concentration of sulphuric aciX In ^e form I 

of basins, sm^ crucibles, foil, and vrixQ, this |l 

metal is indispensable to the analytical che- 
mist. Unfortunately, it is softer than silver, ■ 

and therefore ill adapted for wear, and is so J 

heavy (sp. gr. 21*5) that even small vessels 
must be made vtry thin inn order not to be 
too heavy for a delicate balance. Since it 
expands less than any other metal when 
heated, wires of platinum may be sealed into 
glass without danger of splittii^ it by un- 276. 

equal expansion. Its maUeability and duc¬ 
tility are very considerable, so that it is easily rolled into thin foil and 
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drawn into iino wires j in ductility it is surpassed only by gold and silver, 
and it bas been drawn, by an ingenious contrivance of Wollaston’s, into 
wire of only Tv^irtyth of an inch, in diameter, a mile of which (notwith¬ 
standing the high specific gravity of the metal) woidd only weigh a single 
grain. This remarkable extension of the metal was effected by casting a 
cylinder of silver around a very tliin platinum wire obtained by the ordi¬ 
nary process of wire-drawing; when the cylinder of silver, with the 
pTfttiTtnTn wire in its centre, was itself drawn out into an extremely thin 
wire, of course the platinum core would have become inconceivably thin, 
and when the silver casing was dissolved off by nitric acid, this minute 
tUament of platinum was left. Platinum is sometimes employed for the 
touch-holes of fowling-pieces on account of its resistance to corrosion. 
A little iridium is sometimes added to platinum in order to mcreaso its 


elasticily. 

The remarkable power* possessed by platinum, of inducing chemical 
combination between oxygen and other gases, has already been noticed. 
Even the compact metal possesses this property, as may be seen by heat¬ 
ing a piece of platinum foil to redness in the flame of a gauze gas-burner, 
rapidly extinguishing the gas, and turning it on again, when the cold 
stream of gas will still maintain the metal at a red heat, in consequence of 
the combination with atmospheric oxygen at the surface of the platinum. 

A similar experiment may bo made by suspending a coil of platinum 


wire in the flame of a spmt-lamp (fig. 277), and suddenly 
i blowing oijt the flame when the metal is intensely heated ; 

4 the wire will continue to glow by inducing the combina- 

^ tion of the spirit vapour with oxygen on its surface. By 

JtjL substituting a little baU of spongy platinum for the coU 

of platinum wire, and mixing some fragrant essential oil 
with the spirit, an elegant perfuming lamp has been con- 
tiivcd. Upon the same principle an instantaneous light 
Fi 277 apparatus has been made, in which a jet of hydrogen gas 

■ is kindled by falling upon a fragment of cold ajxmgy 

platinum, which at once ignites it by inducing its combination with the 
oxygen condensed within the pores of the metal. Spongy platinum is 
obtained in a very active form by heating the ammonio-cliloride of pla¬ 


tinum very gently in a stream of coal-gas or hydrogen as long as any 
fumes of hydrochloric acid are evolved. 


If platinum be precipitated in the metallic state from a solution, it is 
obtained in the form of a sooty powder, called platinum-black, which 


possesses this power of promoting combination with oxygen in the highest 
perfection. Tliis form of platinum may be obtained by dissolving the 
metal in aqua regia, which converts it into perchloride of platinum (PtCl^), 
evaporating the solution to dryness, and heating the residue gently on a 
sand-bath as long as it smells strongly of chlorine. Tlio chloride of plati¬ 
num (PtCy thus obtained is dissolved in a strong solution of potash 
and heated with alcohol, when the platinum-blade is precipitated, and 


must be filtered off, washed, and dried at a genyble heat 
Platinum in this form is capable of absorbing 800 times its volume of 
oxygen, which does not enter into combination with it, but is simply 
.condensed into its pores, and is available for combination with other 


bodies. A jet of hydrogen allowed to pass on to a grain or two of this 
powder is kindled at once, and if a few particles of it be thrown into a 
mi:ibaro of hydrogen and oxygon, explosion immediately follows. A drop 
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of alcoliol is also mflamed vrhen allowed to f^ upon a little of the powder. 
Platinum black loses its activity after having b^n heated to redness. 

Although platinum resists the action of hydrochloric and nitric acidc^ 
unless they are mixed, and is unaffected at the ordinary temperature by 
other chemical agents, it is e asily attac ked at high tem peratures by phos¬ 
phorus, arsenic, carbon, boron, silicon, and by a large number of the 
metals; the caustic alkies and alkaline earths also corrode it, so that 
some discretion is necessary in the use of vessels made of this costly 
metal. When platinum is alloyed with 10 parts of silver, both metals 
may be dissolved by nitric acid. 

290. Oxides of platinum .—Only one compound of platinum with 
oxygen is known in the separate state, the other having been obtained 
in combination with water. The pvotoxidey PtO {^plcdinom oxide), is 
precipitated as a black hydrate by decomposing the protochloride with 
potash, and neutralising the solution with dilute sulphuric acid. It is 
a feeble base, and decomposes when heated, leaving metaUic platinum. 
Binoxide of plaiimim, PtO^ {platinic oxide), is also a weak base, but 
occasionally plays the part of an acid, whence it is sometimes termed 
platinic acid. Platinate of soda (NajO.3PtOs.6Aq.) may be crystallised 
from a solution of the hydrated binoxide in soda. Platinate of lime is 
convenient for the separation of platinum from iridium, which is gene¬ 
rally contained in the comraorcial metal ; for this purpose the platinum 
is dissolved in nitro-hydrochloric acid, the solution evaporated till it 
solidifies on cooling, the mixed chlorides of iridium and platinum dis¬ 
solved in water, and decomposed with an excess of lime without exposure 
to light; the platinum then passes into solution as platinate of lime, and 
the platinic acid may be separated from the filtered solution, though stiU 
in combination wth lime, by exposure to light. Acids dissolve binoxide 
of platinum, forming salts of a brown colour which have not been crys¬ 
tallised. If binoxicle of platinum be dissolved in diluted sulphuric acid 
and the solution mixed with excess of ammonia, a black precipitate of 
fulminating platinum is obtained, which detonates violently at about 
400° F. This compound is said to have a composition corresponding to 
the formula NjHjl^t*''. 411,0, or a combination of water with a double 
molecule of ammonia (Njllo), in which four atoms of hydrogen arc replaced 
by one atom of totratomic platinum. 

C/dorides of platinum .—The perchloride, or platinic chloride (PtClJ, is 
the most useful salt of the metal, and may be prepared by dissolving 
scraps of platinum foil in a mixture of four measures of hydrochloric acid 
with one of nitric acid (100 grains of platinum require 2 measured ounces 
of hydrochloric acid), evaporating the liquid at a gentle heat to the con- \ 
sistenco of a* syrup, redissolving in hydrochloric acid, and again evapo¬ 
rating to expd excess of nitric acid. Tlio syrupy Hquid solidifies on 
cooling to a rod-brown mass, which is very deliquescent, and dissolves 
easily in water or alcohol to a red-brown solution. If the concentrated 
solution be allowed to cool before all the free hydrochloric acid has b^n 
expelled, long brown piisnfttic crystals of a combination of the perchloride 
with hydrochloric acid are obtained (PtCl4.2HCL6Aq.) The perchloride 
of platinum is remarkable for its disposition to form sparin^y soluble 
double chlorides with the chlorides of the alkali metals and the hydro- 
chlorates of organic bases, a property pf great value to the chemist in 
effecting the detection and separation of these bodies. 
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'A good example of this has lately been afifovded in the sepaiation 
of potassium, rubidium, and coesium. The chlorides of these three 
metals having been separated from the various other salts contained in 
the mineral water in which they occur, are precipitated with perchlo- 
ride of platinum, which forms combinations with all the three chlorides. 
The platino-chloride of potassium is more easily dissolved by boiling 
water than those of rubidium and coesium, and is removed by boiling the 
mixed" precipitate with small portions of water as long as the latter 
acquires a yehow colour. The remaining platino-chlorides of rubidium 
and coesium are then heated in a current of hydrogen, which reduces the 
platinum to the metallic state, and the chlorides may then be extracted 
by water, in which they are very soluble. 

Platino-chloride of potassium ( 2 KCl,PtCl 4 ) forms minute yellow octa¬ 
hedral crystals; those of rubidium and coesium have a similcuc composition 
and crystalline form. 

Platino-chloride of eodium differs from these in being very soluble in 
water and alcohol; it may be crystallised in long red prisms, having 
the composition { 2 NaCl,PtCl 4 , 6 Aq.) 

Ammonio-chloride of platinum ( 2 NHj,.HCl).PtCl 4 ) has been already 
noticed as the form in which platinum is precipitated in order to sepa¬ 
rate it from other metals. It crystallises, like the potassium-salt, in 
yellow octahedra, which are very sparingly soluble in water and insoluble 
in alcohol It is the form into which nitrogen is finally converted in 
analysis in order to determine its weight. When heated to redness, this 
salt loaves a residue of spongy platinum. Hie perchloride of platinum is 
sometimes used for browning gun-barrels, &c., under the name of muriate 
of platina. 

Protochloride of platinum or platinous chhrule (PtC'L).—The perchloride of platinum 
may be heated to 450° F. without decomposition, but above that temperature it 
evolves chlorine, and is slowly converted into tlie protocbloride, which is reduced, at 
a much higher temperature, to the metallic state. Platinous chloride forms a dingy 
green powder, which is insoluble in water and in nitric and sul]>huric acids, but 
dissolves in hot hydrochloric acid, and in solution of platinic chloride, yielding in 
the former a bright red, in the latter a very dark brown-red solution. Its solution 
in hydrochloric acid is not precipitated hy chloride of potassium, but a soluble 
double chloride ( 2 KCl,PtCl 2 ) may be crystallised from the liquid. If hydrochlorate 
of ammonia he added to the hydrochloric solution, a double salt of hydrochlorate of 
ammonia with protocbloride of jtlatinuni 2 (NH 3 .H 01 ).PtCl,) may be obtained in 
yellow crystals by evaporation. If, instead of hydrochlorate of ainmonia, free 
ammonia be added in excess to the boiling solution of protocbloride of platinum in 
hydrochloric acid, brilliant green needles (green salt of Magnus) are deposited on 
cooling, which contain tlie elements of platinous chloride and ammonia (PtCl,(NH,),, 
but from the behaviour of this compound with chemical agents, its true formula 
would appear to be N 2 H 4 Pt"Cl 2 , in which the place of two atoms of hydrogen in two 
molocnles of sal-ammoniac is occupied by platinum. By heating this smt with an 
excess of ammonia, the solntion, on cooling, deposits yellowish-white iirismatic crys¬ 
tals of hydrocMorate of diplatoacmine ; N4HioPt".2HCl.Aq., the production of which 
may he represented by the equation— 

N,H,Pt"Cl 2 + 2NH, = N4H„Pr.2HCl. 

By decomposing a solution of this salt with sulphate of silver, the sulphate of dipla- 
tosamine is obtained; N4H,jPt".2HC51 + AgjO.SO^ ='^N 4 H,oPt''.H,O.SO, -f 2 AgGi. 

When the solution of sulphate of diplatosamine is treated with hydrate of baryta, 
sulphate of baryta is precipitated, and a powerfully alkaline solution is obtained 
which yields crystals of hydrate of diplatoacmvne N 4 H,,Pt^. 2 ILO, a strong alkali 
which may be rejpwded as a compound of water with 4 molecules of ammonia (N 4 H,,), 
ii^ which 2 atoms of hydrogen are replaced hy platinum. The hydrate of diplatosa- 
mine has a strong resemblance to the hydrated mineral alkalies, eagerly absorbing 
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carbonic acid from the air, and expelling ammonia from its wits , ’Vifhen the 
hydrate of diplatosamine is heated to 280^ F. it gives off water and ammonia, and 
b^mes coni^ed into a grey insoluble substance, which is hydrate of ptcUommine 
N,H 4 Pt''.H, 0 , and may be regarded as a compound of water with a double 
of ammonia in which one-third of the hydrogen is replaced by platinum. 

This substance is also a base, and forms salts, most of which are insoluble; the 
suiphate of pUUommme, N,H 4 PtH,O.SO,.A<|., may be regarded as sulphate of 
ammonia (2NH,.HjO.SO,), in whicn two atoms of the hydrogen are r^laoed by 
platinum, 'fhe hydroeJilwate of platosamine (N,H 4 Pt. 2 HCl) is isomeric wttii the 
green salt of Mt^us, and may be obtained fixim that compound by dissolving it in 
a hot solution of sulphate of ammonia, fiom which it crystallises on cooling.* 

If the hydrochlorate of platosamine, suspended in boiling water, be treated with 
chlorine, it is converted into kydrochlorate of platinamine, N,HjPt‘^4HCl, which 
may be represented as the hydrocblorate of an ammonia, in which 4 atoms of 
hyuo^cn We been replaced by I atom of platinum in the condition in which it 
exists in the perchloride (PtCl^), where it is equivalent to H 4 . The conversion of the 
hydrochlorate of platosamine mto hydrocblorate of platinamine may be represented 
by the equation, N,H^Pt.21101 -f CI« = NsH,Pt.4HCl. By boiling the hydro- 
chlorate of platinamine with nitrate of silver, it is converted into nitrate ofplaiina- 
mine NgH^H(HNO,) 4 , and when this is dissolved in boiling water and decompose 
by ammonia, the hydrate of platinamine (NjHjPt,4H^O) is obtained in yellow pris¬ 
matic crystals, having the same composition as that assigned to fulminating platinum. 

Several other platinum compounds derived from ammonia have been obtained, 
but cannot at present be so conveniently classified The following table exhibits 
the composition of those here enumerated, the platinum, as it exists in platinous 
chloride (PtClj), occupying the place of 2 atoms of hydrogen, being represented by 
Pt", and the platinum, as it exists in platinic chloride (PtCl 4 ) occupying the place of 
4 atoms of hydrogen, by rt*\ 

Hydrate of platosamine, . . . NjIl 4 pt".H »0 

Hydrochlorate of platosamine, . . N 2 H 4 Pt". 2 HCl 

Sulphate of platosamine, . . NjH 4 Pt".HjO.SOj. Aq. 

Hydrate of platinamine, . . NjH,Pt*’'.4HjO 

Hydrochlorate of platinamine, . . N 2 H,Pt‘’'. 4 HCl 

Hydrate of diplatosamine, . . lT 4 H„Pt". 2 HjO 

Hydrochlorate of diplatosamine, N 4 HioPt". 2 HCl.A(i. 

Sulphate of diplatosamine, . . If 4 HioPt".H,O.SOs. 

' Some of the salts of diplatinaminc (N 4 H„Pt‘*) have been obtained, this base being 
derived from 4 molecules of ammonia in which H, have been replaced by Pt’^. 

The sulphides of platinum correspond in composition to the oxides and chlorides, 
and may be obtain^ by the action of liydrosnlphuric acid upon tlie respective chlo¬ 
rides, as black precipitates. 

291. PALLAnirM (Pd = 106‘5) is found in small quantity associated with Mtive 
gold and platinum. It ]presents a great general resemblance to platinum, but is dis¬ 
tinguished from it by being far more easuy oxidised, and by its siiecial attraction for 
cyanogen, with which it forms an insoluble compound. This circumstance is taken 
advantage of in sejiarating palladium from the platinum ores, for which purpose the 
solution from which the greater part of the platinum has been precipitated by hydro¬ 
cblorate of ammonia (p. 889) is neutralised, with carbonate of soda, and mixed with 
solution of cyanide of mercury Hg(G5r)j, when a yellowish precipitate of cyanide of 
palladium is obtained, yielding spongy palladium when heated, which may be welded 
Into a compact* form in the same inauner as platinum. When aBoyed with native 
gold, palladium is separated by fusing the alloy with silver, and boiling It with nitric 
acid, which leaves the gold vmdissolved. The silver is pr^ipitated from the solu¬ 
tion as chloride by adding chloride of sodium, and metallic zinc is placed in the 
liquid, which precipitates the palladium, lead, and copper, as a black powder. This 
is dissolved in nitric acid, and the solution mixed with an excess of ammonia, wIucIl 
precipitates the oxide of lcad,*leaving the copper and palladium in solution. On 
adding hydrochloric acid in slight excess, a yellow precipitate of hydrochlorate of 

* The salts of diplatosamine are distinguished from those of platosaihine by the action 
of nitrous acid, whmh gives a fine blue or green precipitate or coloration with the fonner. 

For the cause of this change, and for many other interesting points in the history of 
these platinum compounds, the reader is referred to the elaborate and accurate memoir by 
Hadow (Journal of the fJhemical Society, August 1866). 
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mim (NjH^Pd,21101) is obtained, which loaves metallic palladium when 


Palladium is harder than platinum and much lighter (sp. gr. ll'S); it is malleable 
and ductile like that metal, and somewhat more fusible, though it cannot be melted 
in on or^nary furnace.* It is unchangeable in air unless heated, when it becomes 
blue from snpriicial oxidation, but regains its whiteness when further heated, the 
oxide being decomposed. Unlike platinnm, it may be dissolved by. nitric acid, form* 
ing nitrtvU of palladium (PdO.NgOf), which is sometimes employed in analysis for 
precipitating iodine from the iodides, in the form of black iodide of ^lladvum (PdL). 
Palladium is useful, on account of its hardness, lightness, and resistance to t^iw, 
iu the construction of i»hilosophical instruments; alloyed with twice its weight of 
silver, it is used for small weights. 

Of the oaddes of palladium, two correspond with those of platinum, and a basic 
oxide (PdO) has been obtained by gently heating the binoxide. Tetrachloride of 
palladium (PdCl,) is very unstable, wing easily decomposed, even in solution, into 
the bichloride (PdCJj) and free cliloriue. Both the chlorides form double salts with 
the alkaline cUorides, those containing tlie palUtdioua chloride (PdCl,) having a dark 
green colour. Pulverulent carbide of palladium is formed when the metal is heated 
iu the flame of a spirit-lamp. 


292. Buodium (£o = 104'8), another of the metals associated with the ores of 

I datiuum, has acquired its name from the red colour of many of its salts a rose). 
t is obtained from the solution of the ore in aqua regia by precipitating the platinum 
with hydrocliloratc of ammonia, neutralising with carbonate of soda, adding cyanide 
of mercury to separate the palladium, and evaporating the filtered solution to i^ncss 
with excess of hydrochloric acid. On treating the residue with alcohol, the double 
cbloride of rhodium and sodium is left uudissolved as a red powder. By heating this 
in a tube through which h^'drogen is passed, the rhodium is reduced to tlic metallic 
state, and the chloride of sodium may ho washed out with water, leaving a grey 
powder of metallic rhodium, which is fused by the oxyhydrogen blowpipe with 
greater dilTiculty than platinum, and forms a very hard malleable metal not dissolved 
even by aquaretfia, altnough this acid dissolves it in the ores of platinum, liecauso it 
is alloyed with other metals. If platinum Ite alloyed with 30 jicr cent, of rhodium, 
however, it is not affected by aqua regia, which will probably render the alloy useful 
for chemical vessels, llhodium may be brought into solution by fusing it with bisul¬ 
phate of piotash, when sulphurous acid escapes, and a double sulphate of rhodium and 
potash is formed, which gives a pink solution w'ith water. Finely divided rhodium 
IS oxidised when heated in air. It appears to form two oxides, the protoxide (KoO), 
which is very little known, and the sesquioxide (UoaOg), ohtidnod by fusing rbodimu 
with carbonate of potash and nitre, and washing the fused mass with water, which 
leaves an insoluble com]xmnd of the sesquioxide with potash; on treating this with 
hydrochloric acid, the sesquioxide of rhodium is left. It is not decomposed by heat, 
and is insoluble in acids, though it is a basic oxide, and its salts, which have a red 
colour, are obtained by indirect methods. 

Terchloride of rhodium (KoClg) lias a brownish black colour, and does not crystal¬ 
lise. Its aqueous solution is red, and it fonus crystdlisable double salts with the 
alkaline chlorides, which have a fine red colour. ‘The double chloride of rhodium 
and sodium, (3NaGl.RuClg).9Aq., is prepared by heating a mixture of pnlverdlcnt 
rhodium and chloride of sodium in a current of chlorine. It crystallises'-in red 
octahodra. On boiling a solution of terchloride of rhodium with ammonia in excess, 
a yellow ammoniated Sdt (RoClj.SNlI,) maybe crystallised out, from which metallic 
rhodium may be obtained by ignition. 

With sulphur, rhodium combines energetically at a high temperat^ro; a protosul- 
phide and a.sc8quisulpbido have been oWined. 

An alloy of gold with between 80 and 40 per cent, of rhodium lios been found in 
Mexico. 


293. Osmium (Os = 199) is characterised by its yielding a veiy volatile acid oxide 
(osmie acid, OsO^), the vapours of which have a veiy irritating odour odmtr). 
It occurs in the ores of platinum in flat scales, consisting of on ^oy of osmium, 
iridium, ruthenium, and rhodium. This alloy is also found associated with native 

• Palladiam, at a slightly elevated temperature, absorbs, mechanically, many times its 
volume of hydn«en. Hammered palladium foil^ndenses 640 times its volume of hydro¬ 
gen, below 212" F., thou^ it has not the powdlof absorbing! oxygen or nitrogen. Foil 
itmac from fused jwladium only absorbs 68 times its volume of hydrogen.—(Graham, Proc. 
Boy. Soc., June bB66). ' 
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gold, aad being very hegvy, it accumulates at the bottom of the crucible in which 
the gold ia melted. The osmium alloy is extremely hard, and has been used to tip 
the mints of gold pens. When a grain of it happens to be present in the gold 
which is being coined, it often seriously injures the die. When the platinum ore 
is treated with aqtut regia, this allw is left undissolved, together mth grains of 
ebromedron ore and titanic iron. In extract the osmium from this residne, it is 
heated in a porcelain tube through which a current of dry air is passed, when the 
osmium is converted into osmic acid, the vapour of which is carrira forward by the 
current of air and condensed in bottles provided to receive it. The osmic acid forms 
colourless prismatic crystals which fuse and volatilise below the hoiling'point of 
water, yielding a most irritating vapour resembling chlorine. It is very soinble in 
water, giving a solution which exhales the odour of the acid and stains the skin 
black ; tincture of galls gives a blue precipitate with the solution. Its acid properties 
are feeble, for it neither reddens litmus nor decomposes the carbonates, and its salts 
are decomposed by boiling their solutions. By addiim hydrosulphuric acid to a 
Holutiou of osmic acid, tlie tetrasulphide of osmium. is obtmned as a black 

5 itatc, and if this be carefully dried and heated in a crucible made of gas-carbon, 
ic osmium is obtained as a brittle moss (sn, gr. 21 *4), which is not fused even 
by the oxyhydrogen blowpipe, and is not soluble in acids. When obtained by other 
])roce8ses in a finely divided state, osmium oxidises even at the ordinary temperature, 
and emits the odour of osmic acid. In this state, also, it may be dissolved by nitric 
acid, which converts it into osmic acid. 

By dissolving osmic acid in potash and adding alcohol, the latter is oxidised at 
the expense of the osmic acid, and rose-coloured octahedral ciystals of osmite of 2totmh 
(KjO.OsOa, 2Aq.) are obtained ; the osmious acid has not been isolated. A xtrotoxide 
and a binoxide of osmium have been obtained. 

Osmium appears to form four chlorides— bichloride (OsClA, tcrchloride {OsCl,), 
tetrnchforide ^OsCl^), and hcjsachloridr (OsOlg). The bicldoriac and tetrachloride arc 
formed by the direct cunibiMation of chlorine with osmium ; the former sublimes in 
green needles, which yield a blue solution in water, soon absorbing oxygen from the 
air and becoming converted into tetrachloride. By heating a mixture ot pulverulent 
osmium with chloride of potassium in a current of chlorine, a double chloride ol 
osmium and potassium (2KC1, Ost'l^l is obtained, which is sxmringly soluble, and 
crystollisus in octabedra like the corresponding salt of platinum. When decomposed 
with nitrate of silver it gives a dark green precipitate (2AgCl, 

294. Kt’TiiENmM (I5n = 104’2).*—In the process for extracting osniium from the 
residue left on treating the platinum ore with aqua regia, by heating in a current of 
air, square prismatic crystals of bhioxide of rutheuium (ItuOg) are deposited, nearer 
to the heated portion of the tube tlian the osmic acid, for the binoxide is not itself 
volatile, being only carried forward mechanically in company with the osmic acid. 
When binoxide of rutheninm is heated in hydrogen, mciallic ndhenium is obtained 
as a h.ard, brittle, almost infusible metal, which is scarcely aliccted even by agua 
regia. protoxide of rutheuium (KuO) is a dark grey powder insoluble in acids. 
The sesquioxhfe (Ihijt)g) and the binoxide (llaOj) have feebly basic jiropcrties. The 
Mcsquioxide is not decommsed by heat, 'i’he anhydrous binoxide is a p-eenish blue 
powder. RiUhenic acid (UnO,) is known only in combination with bases. 

296. iRiDUiM (Ir=-197’l), named from Iris, the raiubow, in nllusiou to tlic varied 
colours of its compounds, has been montioned above as occurring in the insoluble 
alloy from the platiuum ores. It is also sometimes found seimrately, and occasion¬ 
ally alloyed with platinum, the alloy crystallising in octanedra, which are even 
heavier than platinum (sp. gr. 22"S). If the insoluWe osmiridium alloy left by aqua- 
regia be mixed Vitli common salt and healed in a current of chlorine, a mixture of 
the sodio-chiorides of the metals is obtained, and may bo extractcil by boiling water. 
If the solution be evaporated and distilled with nitric acid, the osmium is mstilled 
off as osmic acid, and by adding chloride of ammonima to the residual solution, the 
iridium is precipitated as a dark red-brown ammonio-chloride ^(2NH,, HCl), IrCl*) 
which leaves metallic iridium when heated. Like platinmn, it then forms a grey 
siKingy muss, but is oxidised wnen heated in air, and may be fused with the oxy~ 
hydrogen blowpiiie to a hard brittle mass (sp. gr. 21 *2), which does not oxidise in 
we. Like rhodium it is not attacked by aqua regia, unless alloyed with platinum. 
The product of the oxidation of finely divided iridium in air is the scsqwioxiae (lr«Oj), 
which is a black i>owder used for iuifarting an intense black to porcelain; it is 

• A new iBiuoral found in Borneo, and named laurite, contains sulphides of ruthenium 
.and osmium, ft forms small lustrous granules. 
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insoluble in aoidSi The (IrO) is slso more Msily acted njwn^ by alkalies 

t haw by acids; its solution in potash Mcomes blue when exposed to air, from the 
formation of the binoxide (IrO,). The teroxide (IrO,) is green. The bichtoride (IrCl,) 
and tetrackloride (IrCL) of itidium resemble the corresponding chlorides of platinum 
in forming double salis with the alkaline chlorides. There is also a trichloride 
(IrCl,), the solution of which has a green colour, and gives a yellow precij^itate 
with mercurous nitrate, and a blue precijpitate, soon becoming vmite, with utrate 
of sflver. Iridium resembles palladium m its disposition to combine with carbon 
when heated in the flame of a spirit-lamp. 

296. The following table exhibits a «neml view of the analytical process by which 
the remarkable metols associated in the oros of platinum may be separate from 
each other, omitting the minor details which are requisite to ensure the purity of 
each metal. 


Anahjaia of the Ore of Platinum. 

Boil with aqua regia. 


Dissolved. 

FLXTDnm, Pallaoiuii, Rhodick. 

Add chloride cf ammonium. 

Undissolved. 

laronm, Osmuii, Kutsehiuk. 

Chrome iron. Titanic iron, Ac. 

Heat in current of dry air. 

Precipitated; 

PtaTIHCM 

as 

2NH,C1, ItCl,. 

Solution: 

Neutralise with carbonate of soda; 
add cyanide of mercury. 

Volatilised 
OSMIUH 
as OsO,. 

Carried 
forward by 
the cnri'ent; 
RDTHENnJM 

asRuOg. 

Residue; 

lti.\ with chloride of 
todium, and heat In 
current of chlorine. 
Treat with boiling water. 

Precipitated; 
Paixauum 
as PdCy*. 

Solution; 
Evaporate with 
hydrochloric acid. 
Treat with alcohol. 
Insoluble. 
Ruodick 
as 3NnCl.UoC]3. 

Dissolved. 

iKinirx 

as2NaCUrCU. 

Residue. 
Titanic Iron, 
Chrome Iron, 
Ac. 


The group of hjMinwid metals exhibits some very remarkable features, and it is to be 
regretted that thm group is comparatively imperfectly known in consequence of the diffi- 
ctSty and expense attendant upon the purification of the metals, its members may 
be arranged in two divisions, the metals in each agreeing closely in their atomic 
weights and specific gravities. 

Atomic weight. Sp. gr. Atomic weight. Sp. gr. 

Platinum, . . 197‘1 21'6 Palladium, . 106‘6 11'4 

Osmium, . . 199*0 21*4 Rhodium, . 104*8 12*1 

Iridium, . . 197*1 21*2 Ruthenium, 104*2 11*4 

Through osmium, this poun of elements is connected with the containing 
antimony, arsenic, and phospnorus, which osmium resembles in we facility with 
which it is oxidised, and in the volatility of the oxide formed. Palladinm connects 
it with mercury and silver, by its solubility in nitric acid, and ito special attraction 
for cyanogen and iodine. 


GOLD. 

Au=196*6 parts Jby weight. 

297. Gold is one of those few metals which aro always found in the 
metallic state, and is remarkable for the extent to which it is distributed, 
though in small quantities, over the surface o^ the earth. The principal 
supplies of this metal are derived from Australia, California, Mexico, 
Brazil, Peru, and the Uralum Mountain& Small quantities have been 
occasionally met with in our own islands, particularly at Wicklow, at 
Cader Idris^ Wales, LeadhiUs in Scotland, and in ComwalL 
l^ie mode of the occurrence of gold in the mineral kingdom resembles 
that of the ore ^f tin, for it is either found disseminated in the primitive 












SMELTING OF GOLD ORES. 


397 


rocks, ot in alluvial deposits of sand, yrhkth. appear to have been formed 
by the disintegration of those rocks under the continued action of torrents. 
In the former case, the gold is often found ciystallised in cubes and octa- 
hedia, or in forms derived iix>m these, and sometimes aggregated together 
in dendritic or branch-like forms. In the alluvial deposits, the gold is 
usually found in sm&U scales (gold dust), but sometimes in masses of con¬ 
siderable size (nuggets)', the rounded appearance of which indicates that 
they have been subjected to attrition. 

The extraction of the particles of gold from the alluvial sands is effected 
by taking advantage of the high specific gravity of the metal (19*3), which 
causes it to remain behind, whilst the sand, which is very much lighter 
(sp. gr. 2'6), is carried away by water. This washing is commonly 
performed by hand, in wooden or metal bowls, in which the sand is 
shaken up with water, and the lighter portions dexterously poured off, so 
as to leave the grains of gold at the bottom of the vessel. On a somewhat 
larger scale, the auriferous sand is washed in a cradle or inclined wooden 
trough, furnished with rockers, and with an opening at the lower end for 
the escape of the water. The sand is thrown on to a grating at the head 
of the cradle, which retains the large pebbles, whilst the sand and gold 
pass through, the former being washed away by a stream of water which 
is kept flowing tlirough the trough. 

When the gold is disseminated through masses of quartz or other rock, 
much labour is expended in crushing the latter before the gold can bo 
separated. This is eftected either by passing the coarse fragments between 
heavy rollers of hard cast-iron, or by stamping them, with wooden beams 
shod with iron, in troughs through which water is kept continually 
flowing. 

In some cases it is found advantageous to smelt the ore by fusing it 
with some substance capable of uniting with the gold, and of being after¬ 
wards readily separated from it. Lead is peculiarly adapted for this pur¬ 
pose ; the crushed ore, being mixed with a suitable proportion, either of 
metallic lead, or of litharge (oxide of lead) and charcoal, or even of galena 
(sulphide of lead), together with some lime and oxide of iron or clay, to 
flux the silica, is fused on the hearth of a reverberatory furnace, when the 
fused lead dissolves the particles of gold, and collects beneath the lighter 
slag. The lead is afterwards separated from the gold by cupellation (see 
p. 351.) 

In smelting the ores of gold in Hungary, the metal is concentrated by 
means of sulphide of iron. The ore consists of quartz and iron pyrites 
(bisulphide of iron) containing a little gold. On fusing the crushed ore 
with lime, to flux the quartz, the pyrites loses half its sulphur, and becomes 
sulphide of irqn (FeS), which fuses and sinks below the slag, carrying with 
it the whole of the gold. If tliis product bo roasted so as to convert the 
iron into oxide, and be then again fused with a fresh portion of the ore, 
the oxide of iron will flux the quartz, whilst the fresh portion of sulphide 
of iron will carry down the whole of the gold contained in both quantities 
of ore. This operation hauing been repeated until the sulphide of iron 
is rich in gold, it is fused with a certain quantity of lead, which extracts 
the gold and fells to the bottom. The lead is then cupelled in order to 
obtain the gold. ,« 

When the ores of lead, sUver, or copper contain gold, it is always found 
to have accompanied the silver extracted from them, and is separated from 
it by a process to be presently noticed. 
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Gold is som^timeB separated from the impurities remaining with it after 
extraction by washing, by the process of amalgamation, which consists in 
shaking the mixture with mercury in order to dissolve the gold-dust, and 
straining the liquid amalgam through a chamois leather, which allows the 
excess of mercury to pass through, but retains the solid portion containing 
the gold, from which the mercury is then separated by distillation.* 

In the Tyrol, this process is adopted for separating the gold from an 
auriferous iron pyrites, by grinding it in a mill of peculiar construction, 
with water and a little mercury, the latter being allowed to act upon suc¬ 
cessive portions of ore until it becomes sufficiently rich to be strained and 
distilled. 

Gold, as found in nature, is generally allo 3 fed with variable proportions 
of sTl^r-and copper, the separation of which is the object of the gold 
refiner. It may bo effected by means of n itric aeifL w hich will dissolve 
the silver and copper, provided that they 3o not bear too small a propor¬ 
tion to tho gold. Sulphuric acid, however, being very much cheaper, is 
generally employed. Th6 alloy'iS fused and poured into water, so as to 
granulate it and expose a larger surface to the action of the acid; it is then 
boiled with concentrated sulphuric acid (oil of vitriol), which converts the 
silver and the copper into sulphates, with evolution of sulphurous acid gas, 
whilst the gold is loft untouched. In order to recover the silver from the 
solution of the sulphates in water, scraps of copper are introduced into 
it, when tliat metal decomposes the sulphate of silver, producing sulphate 
of copper, and causing the deposition of the silver in the metallic state. 
FinaUy, tho sulphate of copper may bo obtained from the solution by 
evaporation and crystallisation. This process is so effectual when the 
proportion of gold in an alloy is very small, that even g^^th part of this 
me^ may be profitably extracted from 100 pai-ts of an alloj’’, and much 
gold has been obtained in this way from old silver plate, coins, &c., which 
were manufactured before so perfect a process for tho separation of those 
metals was known. On boiling old silver coins or ornaments with nitric 
acid, they are generally found to jrield a minute proportion of gold in tho 
form of a purple powder. Hut this plan of separation is not so successful 
when the alloy contains a very large quantity of gold, for the latter metal 
seems to protect the copper and silver from the solvent action of the acid. 
Thus, if the alloy contains more than ^th of its weight of gold, it is 
customary to fuse it with a quantity of silver, so as to reduce tho propor¬ 
tion of gold below that point, before boiling it with the acid. Again, if 
the alloy contains a large quantity of copper, it is found expedient to 
remove a great deal of this metal in the form of oxide by heating the aUoy 
in a current of air. 

Gold which is brittle and unfit for coining, in consequence of tho pre¬ 
sence of small quantities of foreign metals, is sometimes refined by melting 
it with oxide of copper or with a mixture of nitre and borax, when tho 
foreign metals, with the exception of silver, are oxidised and dissolved in 
the ^g. Another process consists in throwing some corrosive sublimate 
(chloride of mercury)’into the melting pot, and stirring it up with the 
metal, when its vapour converts the metallic impurities into chlorides, 
which are volatilis^. An excellent method, devised by F. B. Miller of 
Sydney, conrists in fusing the gold with a little borax, and pawing chlo- 

* A 8iuaU quftBtity of sodium dissolved in the moTCury has been found very materially 
to facilitiite pe ^malpmation of gold and silver oi-es, apparently because the amalgam 
of sodium is mviee highly electropositive than merctny, in relation to the gold. 
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rine gas into it through a clay tube. Antimony, arsenic, &c., are carried 
off as chlorides, whilst the direr, also converted into chloride, rises to the 
suriace of the gold in a fused state, afterwards solidifying into a cake, 
which is reduced to the metallic stote by placing it between plates of 
wrought-iron and immersing it in diluted sulphuric acid. 

Pure gold, like pure silver, is too soft to resist the wear to which it is 
subjected in its ordinary uses, and it is therefore alloyed for coim^ In 
this country with of weight of copper, so that gold coin contains 
1 part of copper and 11 parts of gold. The gold used for articles of 
jewellery is ^oyed with Variable proportions of copper and silver. The 
alloy of copper and gold is jnuch redder than pure gold. 

The degree of purity of gold is generally expressed by quoting it as of 
so many carats fine. Thus, pure gold is said to be 24 carats fine; English 
standard gold is 22 carats fine, that is, contains 22 carats of gold out of 
the 24. Gold of 18 carats fine would contain 18 parts of gold out of the 
24, or fths of its weight of gold. 

Pure cold ia easily prepared from standard or jewefier’s gold, by dissolving it in 
liydroeluoric acid mixed with one-fonrth of its volume of nitric acid, evaporating 
the solution to a small bulk to cx])el excess of acid, diluting with a considerable 
quantity of water, filtering from the separated chloride of silver, and adding a solution 
of sulphate of iron, when the gold is precipitated as a dark purple powder, wMch 
may be collected on a filter, well washed, dried, and fused in a small French clay 
cnicible with a little borax, the crucible having been previously dipped in a hot 
saturated solution of borax, and dried, to prevent adhesion of the glolnilcs of gold, 
'flic action of the sulphate of iron npon the terchloride of gold is explained by the 
equation— 

2AuCl, + 6(FeO.SO.) r. An* + Fe^CI, + 2{¥c.p^.ZBO^). 

By .employing oxalic acid instead of sulphate of iron, and heating the solution, 
the gold is precipitated in a spongy state, and becomes a coherent lustrous mass 
under pressure. The metal is employed in this form 1)y dentists. 

When standai'd gold is being dissolved in aqua regia, it sniuetimes becomes coated 
with a film of chloride of silver which stops the action of the acid; the liquid must 
then ho poured off, the nictol washed, and treated with ammonia, which dissolves 
the chloride of silver ; the ammonia must be washed away before the metal is replaced 
in the acid. In the case of jeweller’s gold, it is advisable to extract as mncli silver 
and copper ns possible by boiling it with nitric acid, before attempting to dissolve 
the gold. Gold lace should be incinerated to get rid of the cotton before being 
treated with acid. 

The genuineness of gold trinkets, See., is generally tested by touching them with 
nitric acid, which attacks them if they contain a very considerable proportion of 
copper, prancing a green stain, but this test is evidently useless if the surface he 
gilt. Tlie weight is, of course, a good criterion in practised hands, but even these 
have been deceived by bars of platinum covered with gold. The specific gravity 
may bo taken in doubtful cases ; that of sovci'eign gold is 17'167. 

In assaying gold, the metal is wrapped in a piece of thin ]>aper together with about 
tliree times its weight of pure silver, and added to twelve times its weight of pure 
lead fused in a bone-ash aipcl (see page 362) placed in a muffle (or exposed to a 
strong oxidising blowpipe flame), when the lead and copper are oxidised, and the 
fused oxide of lead dissolves that of copMr, both being alisorbed by the cupel. 
When the metallic button no longer dimimsties in size, it is allowed to cool, hammered 
into a flat disk which is annealed by being heated to redness, and rolled out to o 
thin plate, so that it may be rolled itp by the thumb and finger into a corucUe wltich 
ishofied with nitric acid (sp. gr. 1*18) to extract the silver; the remaining gold is 
washed with distilleu water, ondfboiled with nitric acid of sp. gr. 1 *28, to e:^act the 
last traces of silver, after which it is again washed, heated to redness in a small 
cruc^le, and weighed. 

The stronger nitric acid could not he used at first, since it would ho likely to break 
the comet into fragments which could not he so readily washed without loss. The 
addition of the throe parts of silver {qmrtaiion) is made in order to divide the alloy, 
and permit the earn extraction of the silver by nitric acid, which cannot be effected! 
when the gold predominates. 
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298. The physical characters of gold render it very conspicuous among 
the metals; it is the heaviest of the metals in common use, with the 
exception of platinum, its specific gravity being 19‘3. In malleability 
and dactiUty it surpasses all other metals; the former property is turned 
to advantE^e for the manufacture of gold leaf, for which purpose a bar of 
gold is passed between rollers which extend it into the form of a riband; 
this is cut up into squares, which are packed between layers of fine vellum, 
and beaten with a heavy hammer; these thinner squares are then again 
cut up and beaten between layers of gold-beater's sldn until they are suffi¬ 
ciently thin. An ounce of gold may thus be spread over 100 square feet; 
282,000 of such leaves placed upon each other form a pile of only one 
inch high. These leaves will allow light to pass through them, and 
always appear green or blue when held up to the light, though they exhibit 
the ordinary colour of- gold by reflected light; extremely thin leaves of 
gold, obtained by partiaUy dissolving ordinary gold leaf by floating it on 
solution of cyanide of potassium, transmit a violet or a red light, accord¬ 
ing to their thickness, though they still appear yellow by reflected light, 
and if taken up on a glass plate and heated to about 600° F. they lose 
their golden reflection and become ruby rod, changing to green if pressed 
with a hard substance. If very finely divided gold be suspended in 
water, it imparts a violet or red colour to it. Such coloured fluids 
containing very minute particles of gold in a state of suspension, may be 
obtained by the action of phosphorus dissolved in ether upon a very weak 
solution of gold in aqua regia ; on standing for a long time, the particles 
of finely divided gold are deposited, having the same tint as that which 
they previously exhibited when suspended in the liquid; the blue parti¬ 
cles being less minute are soonest deposited, but the red particles require 
many months to settle down. These divers colours of finely divided gold 
are ^en advantage of in painting upon porcelain, and the well-known 
magnificent ruby red glass owes its colour to the same cause. i^iyth of 
a grain of gold is capable of imparting a de^p rose colour to a cubic inch 
of fluid. 

The extreme ductility of gold is exemplified in the manufacture of gold 
thread for embroidery, in which a cylinder of silver having been covered 
with gold leaf, it is dra'ivn through a wire-drawing plate and reduced to 
the thinness of a hair; in this way six ounces of gold are drawn into a 
cylinder two hundred miles in length. Although fusing at about the 
same temperature as copper, gold is seldom cast, on account of its great 
contraction during solidhication. 

Gold is not even affected to the same extent as silver by exposure to the 
atmosphere, for sulphuretted hydrogen has no action upon it, and hence 
no metal is so well adapted for coating surfaces which required to 
preserve their lustre. 

The gold is sometimes applied to the surfaces of metals in the form of 
an amalgam, the mercury being afterwards driven off by heat. Metals 
may also be gilt by means of a boiling solution prepared by dissolving 
gold in aqua regia, and adding on excess of rbicorbonaie of potash or of 
soda. But the most elegant process of gilding is that of electro-gilding, 
in which the object to be gilt is connected with the negative (zinc) end 
of the galvanic ^ttery, and immersed in a solution of cyanide of gold in 
cyanide of potassium, in which is also placed a gold plate connected with 
%e positive (copper) end of the battery, and intended, by gradually dis- 
sotving, to replace the gold abstracted from the solution at the negative pole. 



OXIl^EB OV <30LD. 


401 

A gold eracible is veiy usefbl in the laboratoty f<Hr effoctiog tbe ftiaon 
of snbstances with (^nstic alkalies, whieb would eonode a platinum 
erucible. 

299. OxideB of gold. —Two compounds of gold with oxygen have befeu 
obtained, Au^O and Au^O^, but neither of them is of any great practical 
importance. 

Seequioxide of gold or auric acid (Au.Oj) is prepared from the solution 
of gold in a(pm regia, by boiling it witb excess of potash, decomposing 
the aurate of potash with sulphuric acid, and purifying the auric acid 
by dissolving it in nitric acid and precipitating by water. It fonns a 
yellow precipitate, which is easily decomposed by exposure to light or to 
a temperature of 500" F. By di^olving it in potash and evaporating in 
vacuo, the aurate of potash is obtained in yellow needles (K^O. AUjOj, 6Aq.), 
Sulwxide of gold (Au^O) forms a dark precipitate when protochloride of 
gold is decomposed by potash. 

The chlorides of gold correspond in composition to the oxides. The 
terchloride of gold (AuCl,) is obtained by dissolving gold in hydrochloric 
acid with one-fourth of its volume of nitric acid, and evaporating on a 
water-bath to a small bulk; on cooling, yellow prismatic crystals of a 
compound of the terchloride with hydrochloric acid (AuCl^.HC1.6Aq.) 
are dejwsited, from which the hydrochloric acid may bo expelled by a 
gentle heat (not exceeding 250" F.), when the tercldoride forms a red 
brown deliquescent mass, dissolving very readily in water, giving a bright 
yellow solution which stains the skin and other organic matter purple 
w'hen exposed to light, depositing finely divided gold. Almost every 
substance capable of combining with oxygen reduces the gold to the 
metallic state. The inside of a perfectly clean flask or tube may be 
covered with a film of metallic gold by a dilute solution of the terchloride 
mixed with citric acid and ammonia, and gently heated. The facility 
with which it dejposits metallic gold, an<l the resistance Of the deposited 
metal to atmospheric action, lias rendered terchloride of gold very useful 
in photography. Alcohol and ether reailily dissolve the terchloride, the 
latter being able to extract it from its aqueous solution. Red crystals 
of terchloride of gold are sublimed when thin gold foil is gently heated 
in a current of chlorine. Terchloride of gold (like perchloride of platinum) 
forms crystallisable compounds with the alkaline chlorides and with the 
hydrochlorates of organic bases, and affords great help to tlie chemist in 
defining these last. Aurocli loride ofsodimn forms reddish yellow prismatic 
crystals (NaCl.AuCl3,4Aq.) w'hich are sometimes sold for photographic 
purposes. 

Pndochlorifs of gold (AuCl) is obtained by gently heating the terchlo¬ 
ride, when it fuses and is decomposed at 350° F., leaving the protochloride, 
which is reduced to metallic gold at about 400° F. The protochloride is 
sparingly soluble in water and of a pale-yellow colour. Boiling water 
decomposes it into metallic gold and terchloride. 

Fulminating gold is obtained as a buff precipitate when ammonia is 
added to solution of terchloride of gold; its composition is not well estab¬ 
lished, but appears to be Au^Oa.4NH3.Hp. It explodes violently when 
gently heated. 

The Bel dor of the photographer is a hyposulphite of gold and soda 
(Au,8,Og, 3(NagSsOj,), 4Aq.), which is obtained in fine white needles 
by pouring a solution of one part of tercldoride of gold into a solution of 
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tibxee paxts hyposnlphite of soda, and adding idcohol, in nrhioh the 
doable, is maoluhle. Its fonnation may be explained by the equation— • 

8(lfa^iO^ + 2AuCl, = Au,S,0„ 3(ira^,0^ + 6NaCl + 2(lfa^S,Oe). 

It Is doubtful whether the above formula represents the true constitution 
of this salt, for it is not decomposed by acids in the same manner as ordi¬ 
nary hyposulphites. Nitric acid causes the whole of the gold to separate 
in &e metallic state. 

Purple of Camus, which is employed for imparting a rich red colour to 
glass and porcelain, is a compound of gold, tin, and oxygen, which are be¬ 
lieved to be grouped according to the fonnula Au,O.SnOj, SnO.SnOy4Aq. 

It may be prepa^ by adding protochloride of tin to a mixture of bi¬ 
chloride of tin and terchloride of gold j 7 parts of gold are dissolved in 
aqua regia and mixed with 2 parts of tin also dissolved in aqua regia ; 
tbm solution is largely diluted with water, and a weak solution of 1 part 
of tin in hydrochloric acid is added, drop by drop, till a fine purple colour 
is prodace<L The purple of Cassius remains suspended in water in a very 
fine state of division, but subsides gradually, especially if some saline 
solution be added, as a purple powder. The fresh precipitate dissolves in 
ammonia, but the purple solution is decomposed by exposure to light, 
becoming blue, and finally colourless, metallic gold being precipitated, 
and binoxide of tin left in solution. 

The sulphides of gold are not thoroughly known. Wlien hydrosul- 
phuric acid acts on solution of terchloride of gold, a black precipitate of 
AujS, Au,S, is obtained, which dissolves in alkaline sulphides. The salt 
Na^S, Au,S, 8Aq. has been obtained, in colourless prisms soluble in 
alcohol. The precipitated sulphide of gold is not dissolved by the acids, 
with the exception of aqua regia. Nitric acid oxidises the sulphur, 
leaving metallic gold. When hydrosulphuric acid is added to a boiling 
solution of terchloride of gold, the metal itself is precipitated— 

8AuCl, + 3H,S + 12Bfi Au^ + 24HC1 + 3(H,0.S03). 

A yellowish grey brittle arsenide of gold (AuAs^j) has been found in 
quartz in Australia. 
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USEFUL APPLICATIONS OF CHEMICAL PRINCIPLES 
NOT HITHERTO MENTIONED. 


CHEMICAL PRINCIPLES OF THE MANUFACTURE 

OF GLASS. 

300. Glass is defined chemically to he a mixture of or i nore s ili¬ 
cates. ^Aof which is a silicate of an a lkali , the^the^heing a silicate of 
lime ^baryta, oxide of iron^ oyde of lead, or oxide of zinc. ] 

ll%ilicic acfd be fused with an equal weight of carbonate of potash or 
soda, a transparent glassy mass is obtained, but this ia*slowly dissolved by 
water, and would therefore be incapable of resisting the action of the 
w’eathcr; if a small proportion of lime or baryta, or of the oxides of iron, 
load, or zinc, be added, the glass becomes far less easily affected by atmo¬ 
spheric influences. 

The most valuable property of glass, after its transparency and per¬ 
manence, is that of assuming a viscid or plastic consistency when fused, 
w’hich allows it to be so easily fashioned into the various shapes required 
for use or onianient 

The composition of glass is varied accoi'ding to the particular purpose 
for which it is intended, the materials selected being fused in laige clay 
crucibles placed in reverberate^ furnaces, and heated by a coal-fire or in 
a gas-^furuace. 

Ordinary icimlow glass is essentially composed of silicate of soda ^d 
silicate of lime, containing one molecule {13‘3 per cent.) of soda, one 
molecule (12-9 per cent.) of lime, and five molecules (69*1 per cent.) of 
silicic acid; it also usually contains a little alumina. This variety of glass 
is manufactured by fusing 100 parts of sand with about 35 parts of chalk 
and 35 parts of soda-ash : a considerable quantity of broken window glass 
is always fused up at the same time. Of course, the carbonic acid of the 
and of the carbonate of soda is expelled in the gaseous state, and in 
order that this may not cause the contents of the crucible to froth over 
during the fusion, the materials are first fritted together, as it is termed, 
at a temperature insufficieitt to liquefy them, when the'carbonic acid 
is evolved gradually, and the fusion afterwards takes place without 
efiervescence. 

Occasionally sulphate of soda is employed instead of the carbonate, 
when it is usual to add a small proportion of charcoal, in order to reduce 
the sulphuric to the state of sulphurous acid, which is far more easily 
expelled. Before the glass is worked into sheets, it is allowed to remain 
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><MlB||^ and tTaS ^aia^da U or scum rc(BMPfltaag dufflv of enlpmate or 
a^<WPT ide of 8bdii^)^v^||fi];L OKSj^the gprface. is removedT 
. Pfetfe ptae s is aTso chiefly a lUicateof'^aa afld lime, hut it contains, 
in> ai^ition, a considerable quantity hi smS^Lt^hf ’ p'dtaah (74 per cent, 
of silicic jtcid, 12 of soda . 6-5 of potash, and 6’6 of iipie)* The purest 
white sad is selected^ ad great care is taka to exclude impurities. 

Cro wn gla ss, used for optical purposes, contains no soda, since that 
alkali has the property of imparting a greenish tint to glass, which is 
not the case with potash. This variety of- glass, therefore, is prepared 
by fusing sand with carbonate of potash and chalk in such proportions 
that the glass may contain one molecule' (22 per cent.) of potwh, one 
molecule (12‘6 per cent.) of lime, and four molecules (62 per cent.) 
Df silicic acid. 

The glass of which wine bottles are made is of a much cheaper and com¬ 
moner description, consisting chiefly of silicate of lime, but containing, in 
siddition, small quantities of the sUicates of the alkalies, of alumina, and 
of nyjd« o5 iynn, to Uie last of which it owes its d ark c olour. It is 
made of the coarsest materials, such as common rod sand (containing 
iron Md alumifta), soap-makers’ waste (containing lime and small quan¬ 
tities of alkali), refuse lime frQm,^the gas-works, clay, and a very small 
proportion of rock-salt. 

Flin t glas s, which is used for table glass and for ornamental pur¬ 
poses, IS a double silicate of potash and o xide of lea d, containing one 
molecule (13’67 per cent.) of potash, one moleculc*(33-28 per cent.) 
of oxide of lead, and six molecules (51*93 per cent.) of silicic acid. 
It is prepared by fusing 300 parts of the purest white sand with 200 
parts of minium (red oxide of lead), 100 parts of relincd pearl-ash, and 
30 parts of nitre. The fusion is eftected in crucibles covered in at the 
top to prevent the access of the flame, which would reduce a portion 
of the lead to the metallic state. The nitre is added in order to oxidise 
any accidental impurities wliich might reduce the lead. 

The presence of the oxide of lead in glass very much increases its 
fusibility, and renders it much softer, so tliat it may be more easily cut 
into ornamental forms; it also greatly incffeases its lustre and beauty. 

Baryta has also the effect of increasing the fusibility of glass, and oxide 
o fxiac . like oxide of lead, increases its brilliancy and refractinif pow er, 
on which account it is employed in some kinds of glass for optici pur- 
pos^B. Glass of this description is also made by substituting boracic acid 
for a portion of the silicic acid. 

Some varieties of glass, if heated nearly to their melting point, and 
Eillowedto coolsl^ly, become converted into an opaque \eiy hard nn^an 
resembling porcelain {iRSaumur^sporcelain). This change, which is known 
as dsvitr^ficationf is due to the crystallisation of the silicates contained in 
the mass, and by again fusing it, the glass may be restored to its origin^ 
transparent condition. 

In producing coloured glass, advantage is taken of its property of dis¬ 
solving many metallic oxides with production of peculiar colours. It has 
been mentioned above that bottle glass owes its green colour to the pre¬ 
sence of oxide of iron; and since this oxide is generally found in small 
quantity in stmd, and even in chalk, it occasion^y happens that a glass 
which is required to be perfectly ocdourless turns out to have a slight green 
tinge. In to remove thii^ -a small quantity of some oxidising agent 
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is usually added, in order to conTert the oxide of iron into tilie tuw iiiriftTi det 
which does not impart any colour when present in minute proportion. A 
little nitre is sometimes added for this" purpose, or some arsenious acid, 
which yields its oxygen to the oXide of iron, and escapes in'{^ iotm'cT* 
vapour of arsenic; red oxide of lead (PbjOJ may also he employed, and 
is reduced to oxide of lead (PbO), which remams in the glass. Bin- 
oxide of manganese is often added as an oxidising agent, being reduced 
to the state of oxide of manganese (MnO), which does n<sk colour the 
glass; but care is then taken not to add too much of the binoxide, for a 
very minute quantity of tlxis, substance imparts a beautiful amethyst purple 
colour to glaiM. __ ’ 

Subox ide of cop per is used to produce aj^d glass, and the finest ruby 
glass is obtained (as already mentioned at"^ 400) by the addition of a 
little gold The oxides of antimony impart a yellow colour to glass / a 
peculiar brown-yellow shade is given % charcoal in a fine state of ^visipn, < 
and sesquioxide of uranium produces a fine greenish-yellow glass. Green ” 
glass is coloured either by oxide of copp er or sesquioxide of chromium, 
whilst ox ide of cobal t gives a magnificent blue colo ur. For b kek g lass, 
a mixture of the oxides of cobalt and, ma nganese is employed. The white 
nnamel glass is a flint glass, containing about 10 per cent, of binoxide of 
'^tin. Bone ash is also used to impart this appearance to glass. 

^ Jk * 

CHEMISTRY OF THH MANUFACTURE OF POTTER'S 
^ AND PORCELAIN. 1 . 

301. The manufacture of pottery obviously belongs to an earlier period 
of civilisation than that of glass, since the raw material, clay, would at 
once suggest, by its plastic properties, the possibility of working it into 
useful vessels, and the application of heat would naturally be had recourse 
to in order to dry and harden it. Indeed, at the first glance, it would 
appear that this manufacture, unlike that of glass, did not involve the 
application of chemical principles, but consisted simply in fashioning the 
clay by mere meohjimical dexterity into the 'TeqnAd'-^m. It is found, 
however, at the outset, that the name of clay is api)lied to a largo class of 
minerals, differing very considerably in composition, and possessing in 
common the two characteristic features of plasticity and a predominance 
of silicate of alumina. 

It has already been stated (p. 285) that kaolin is a hydrated silicate 
of aluminm and jt is from this materia l that the best variety of porcelain 
18 mada"*This clay is eminently plastic, and can therefore be readily 
moulded, but when baked, it shrinks very much, so that the vessels made 
from it lose their shape and often crack in the kiln. In order to prevent 
this, the clay is mixed with a certain proportion of sjmd, chalk, bone^h, 
or heavy-spar; but another difficulty is thus introduced, for these sub¬ 
stances diminish the tenacity of the clay, and would thus render the 
vessels brittle. A further addition must therefore be made, of some sub¬ 
stance which fuses at the temperature employed in baking the ware, and 
thus serves as a cement to bind the unfused particles of clay, &c., into 
a compact mass. Feldspar (silicate of alumina and potash) answers this 
purpose f or carbonate of potash or of soda is sometimes added, to convert 
a portion of the silica into a fusible alkaline silicate. With a mixture of 
clay with sand and feldspar (or some substitutes), a vessel may be moulded 
which will preserve its shape and tenacity when baked, but it will ba 
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eadly pervioas to water, and thus quite unfit for ordinary use. It hw, there* 
fore, to be water-proofed by the application of some easily fusible'material, 
which shall either form a glaze over the surface, or shall become ihcor* 
jmrated Iwith the body of the ware, and the vessel is then fit for all its 
usee. Handles and ornaments in relief are moulded separately, and fixed 
on the ware before baking, and coloured designs are transferred from 
paper to the porous ware before glaring. 

The manufacture of Shvres porcelain is one of the most perfect examples 
of this art. The purest materials are selected in the following propor* 
^ons:—Kaolin (porcelain clay), 62 parts; chalk, 4 parts; sand, 17 parte j 
^feldspar, 17 parts. These materials are g round up with water before 
' being mixed, and the coarser particles allowed to subside ; the creamy 
fluids containing the finer particles in suspension are then mixed in 
the proper proportions, and flowed to settle; the paste deposited at the 
I bo ttom ^a draine d, thoroughly kneaded , and stored awav for some mon ths 
I in a damp place, by which its texture is considerably improved, and any 
orgaftic"matter VMch it contains becomes joxidised and removed; the 
oxidation being effected partly by the sulphates present, which become 
, reduced to sulphides. It is, then moulded into the required forms, and 
I dried by simple exposure to the a ir. The vessels are packed in cylindrical 
cases of very refractory clay, which are arranged in a furnace or kiln of 
peculiar construction, and very gradually but.stm^lv h oated b y the 
flame of a wood fire. When sufficiently baked rtn^^fmr^or^iaifl has 
to be glazed, and great care is taken that the glaze may possess the same 
expansibility by he^t as the ware itself, for otherwise it would crack in all 
directions as the glazed ware cooled. The al fizo em ployed at Sayres is a 
mixture of feldspar and quartz very finely ground, and suspended in 
water, to which a little vinegar Is added to prevent the glaze from subsid¬ 
ing too rapidly. When the porous ware is dipped into this mixture, it 
absorbs the water, and retains a thin coating of the mixture of quartz and 
feldspar upon its surface. It is now baked a second time, when the glaze 
fuses, partly penetrating the ware, partly remaining as a varnish upon the 
surface. #*'*i*'» ^ 

When the ware is required to have some uniform colour, a mineral 
pigment capable of resisting very high temperatures is mixed with the 
glaze; but coloured designs are painted upon the ware after glazing, the 
ware being then baked a third time, in order to fix the colours. These 
colours are glasses coloured with metallic oxides, and ground up with oil 
of turpentine, so that they may be painted in the orilinary way upon the 
surface of the ware; when the latter is again heated in the kUn, the 
coloured glass fuses, and thus contracts a firm adhesion with the ware. 

Gold is applied either in the form of precipitated metallic gold, or of 
fulminating gold, being ground up in either case with oil of turpentine, 
burnt in, and burnish^. 

English poredain is made from Cornish clay mixed with ground flints, 
burnt bones, and sometimes a little carbonate of soda, borax, and binoxide 
of tin, the last improving the colour of the 'jrare. ' It is glazed with a 
mixture of Cornish stone (consisting of quartz and feldspar), flint, chalk, 
borax, and sometimes white lead to increase ite fusibility. 

Stom-ware is made from less pure materials, and is covered with a glaze 
of silicate of soda, in a very simple manner, by a process known as salt- 
'glqtmg. The ware is coat^ with a thin film of sand by dipping it in a 
natture of fine sand and water, and is then intensely heated in a kiln into 
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which a quantity of damp salt i s presently thrown. The joint action of 
the aquehus vapour anOEel^t converts the sand into silicate of soda, 
which fuses into a glass upon the surface of the ware— 

^ 2NaCl + H,0 + SiO, = ya,0.8i0, + 2HC1. 

Pipkins, and similai' earthenware vessel^ are made of coinmon clay 
mixed with a certain proportion of marl and of sand. * They are glazed 
with a mixture of 4 or 5 parts of Clay, with 6 or 7 parts of litharge. The 
colour of this ware is due to the presence of peroxide of iron. 

Bricks and tiles are also made from common clay mixed, if necessary, 

I with sand. These are very often grey, or blue, or yellow, before baking, 
and become red under the action of heat, since the iron, which is origin¬ 
ally present as carbonate (FeO.CO,), becomes converted into the red 
peroxide (Fe,0,) by the atmospheric oxygen. 

The impure varieties of clay fuse much more easily than pure clay, 
so that, for the manufacture of the refractory bricks for lining furnaces, 
of glass-pots, crucibles for making cast steel, &c., a pure clay is employed, 
to which a certain quantity of broken pots of the same material is added, 
to prevent the articles from shrinking whilst being dried. 

Dinas fire-bricks are made from a peculiar siliceous material found in 
the Yale of Neath, and containing alumina with about 98 pet cent, of 
silica. The ground rock is mixed with 1 per cent, of lime and a little 
water before moulding. These bricks are expanded by heat, whilst 
ordinary fire-bricks contract. 

Blue bricks are glazed by sprinkling with iron scurf, a mixture of par¬ 
ticles of stone and iron produced by the wear of the siliceous grindstones 
employed in grinding gun-barrels, &c. When the bricks are fired, a glaze 
of silicate of iron is formed upon them. 


CHEMISTRY OF BUILDING MATERIALS. ^ - 

302. Chemical principles would lead to the selection of pure s^ca 
(quartz, rock-crystal) as the most durable of building materials, since it is 
not acted on by any of the substances likely to be pre‘»ent in the atmo¬ 
sphere j but even if it could be obtained in sufiSciently large masses for 
the purpose, its great hardness presents an obstacle to its being hewn into 
the required forms. Of the building stones actually employed, armite. ^ 
bns^; and porphyr y a re the most lasting , on account of their capability 
oTresisting for a great lengtii of time the action of water and of atmo¬ 
spheric carbonic acid j but their hardness makes them so difficult to work, 
as to prevent their employment except for the construction of pavements, 
bridges, Afc., where the work is massive and straightforward, and much 
resistance to wear and tear is required. The millstone grit is also a very 
durable stone, consisting chiefly of silica, and employed for the founda¬ 
tions of houses. Freestone is a term applied to any stone which is soft 
enough to be wrought with hammer and chisel, or cut with a saw j it 
includes the different varieties of sandstone and limestone, “[^e sand¬ 
stones consist of grains m sand cemented together by clay or limestone 
The Yorkshire flags employed for paving ^ siliceous stones of this 
description. The Craigleith sandstone, which is one of the freestones 
used in Lon do n, contains about 98 per cent, of rilica, together with some 
carbonate of lime. 

The building stones in most general use are the different varieties of 
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carbonate of lime. The durability of these is in proportion to their com¬ 
pact etructure j thus marhU, being the most compict, has been found to 
resist for many centuries the action of the atmosphere, whilst the more 
\|nro^ limestones are conceded at the surface in a very short time. Port- 
^ land sforae, of which St Paul’s and Somerset House are built, and Bath 
stone, are among the most durable of those ; but they are all slowly cor¬ 
roded by exposure to the ^mosphere. Tire chief cause of this corrosion 
appears to be the mechanical disintegration caused by the expansion, in 
freezing, of the water absorbed in the pores of the stone. In order to 
determine the relative extent to which diflerent stones are liable to be 
disintegrated by frost, a test has been devised, which consists in soaking 
the stone repeatedly in a saturated solution of sulphate of soda and allow¬ 
ing it to dry, when the crystallisation of the salt disintegrates the stone, 
as freezing water would, so that if the particles detached from the surface 
be collected and weighed, a numerical expression for the resistance of the 
material will be obtained. Magnesian limestones (carbonate of lime with 
carbonate of magnesia) are mucli valued for ornamental architecture, on 
account of the ease with which they may be carved, and are said to be 
more durable in proportion as they approach the composition expressed by 
the formula CaO.COj, MgO.COg.* The magnesian limestone from Bol- 
sover Moor, of which the Houses of Parliament are built, contains 60 per 
cent, of carbonate of lime, 40 of carbonate of magnesia, with some siUca 
and alumina. 

It is probable that a slow corrosion of the surface of limestone is effected 
by the carbonic acid continually deposited in aqueous solution from the 
air; and it is certain that in the atmosphere of towns the limestone is 
att^ked by the sulphuric acid which results from the combustion of coal 
and the operations of chemical works. The Houses of Parliament have 
suffered severely, probably from this cause. Many processes have been * 
recommended for the preservation of building stones, such as watei’proof- 
ing them by the application of oily and resinous substances, and coating or 
impregnating them with solution of soluble glass and similar matters; but 
none seems yet to have been thorougUy tested by practical experience. 

Purhech, Ancaster, and Gaen stones are well-known limestones employed 
for building. 

303. The mortar employed for building is composed of 1 part of freshly 
slaked lime and 2 or 3 parts of sand intimately mixed with enough water 
to form an uniform paste. The Mfdening of such a composition appeitfs 
•«to be due, in the first instance, to the absorption of carbonic acid from 
the air, hy which a portion of the lime is converted into carbonate, 
and this, uniting with the unaltered hydrate of lime, forms a solid layer 
adhering closely to the two surfaces of brick or stone, which it cements 
together. I n the coui'se of time the lime would act upon the silica, pro- 
d ucing siHoate-oilime. and this chemical action would render the adhesion 
mdrepSiSetT The chief use of the sand here, as in the manufacisute of 
pottery (p. 406), i s to prevent excessive shrinking d uring the drying of 
the ^tgrtar. p 

In ccmstructions which are exposed to the action of water, mortars of 
peculiar composition are employed. These hydraulic mortars or cements, 
as they are termed, are prepared by calcining mixtures of carbonate of 

* Any excess of oipboaate of tiste above that required by this formula may be dissolved 
otit by treating He w#dered roagnesiaii limestone with wok acetic acid. 



NITRE OK SALTPETEE. 


. 409 


lime with from 10 to 30 cent, of clay, when the carbonic add is 
expeUed, and the lime combines with a portion of the silicic acid from the 
clay, producing a s ilieate of lim e, and probably also, with the alumina, to 
form ftluminat e of lime. ^VvJien .the calcined mass - is ground to powdeiL 
and mixed witb water, the silicates of alumina an4*lime, and tttealuminat^ 
of lime, imte to form hydrated (doub le Jfei^cat ^ an^ alnmin^t^s . upon ( 
whi ch-wafer has no actiUU ! ■iiuilmir cem^Osprepa^r^^^^ining aJ 
limestone containing about 20 per cent, of clay, and hardens in a very 
short time after mixing with water. 

For Portland cement (so called from its resembling Portland stone) a 
mixture of river mud (chiefly clay) and hmestone is calcined at a very 
high temperature. 

Concrete is a mixture of hydraulic cement with small graveL A speci¬ 
men of this material from a very ancient Phmnician temple was as hard 
as a rock, and contained nearly 30 per cent, of pebblea 

Scott’s cemmt is prepared by passing air containing a small quantity of 
sul nlrui'ous acid, evolved from bur ning sulph ur, over o uick-lime heated to 
dull reaness. The setting of tliis cement appears duo to the presence of 
a simdl proportion of sulphate of lime very intimately mixed with the 
quick-lime. The mixture of these substances yields the cement by a less 
circuitous process. 


GUNPOWDER. 

% 

304. Gunpowder i.s a very intimate mixture of saltpetre (nitre or 
nitrate of jjolash), sulphtir, and charcoal, which do not act upon each 
other at the ordinary temperature, but when heated together, arrange 
themselves into new forms, evolving a ver}”^ large amount of gas. 

In order to manufacture gunpowder capable of producing the greatest pos¬ 
sible effect, great attention is leqvdsite to the purity of the ingredients, the 
process of mixing, and the fonn ultimately given to the tinished powder. • 

Chemistry OF the Lvguedieets of Gunpowder—Saltpetre. —Nitrate 
of potmh (KN()., or K„O.N,Og), nitre or saltpetre, is found in some parts 
of India, especially in liengd and Oude, w'here it sometimes appears as a 
white incrustation tm the surface of the soil, and is sometimes mixed with 
it to some depth. Tlio nitre is extracted from the earth by treating it 
with water, and the solution is evaporated, at tirst by the heat of the sun, 
and afterwards by artificial heat, when the impure crystals are obtained, 
which are packed in bags and sent to this country as grough (or impure) 
saltpetre. It contains a quantity of extraneous matter varying from 1 to 
10 per cent., and C(insisting of the cldoridcs of potassium and sodium, 
sulphates of jjotash, soda, and lime, vegetable matter finm the soil, sand, 
and moisture. The number representing the weight of impurity present 
is usually termed the refraction of the niti’e, in allusion to the old method 
of estimating it by casting the melted nitre into a cake and examining its 
fracture, the appearance of which varies according to the amount of foreign 
matter present. • 

Peruvimi or Chili sa7(/>e/re is the nitrate of soda (NaNOgOr Na^O.NjOJ 
found in Peru and Chili in bods beneath the surface soil. It is often spoken 
of as euHeal saltpetre, since it crystallises in rhombohedra, easily mistaken 
for cubes, whilst pristnatic saltpetre, nitrate of potash, crystallises in six- 
sided prisms. Nitrate of soda cannot be substituted for nitrate of potash as 
an ingredient of gunpowder, since it attracts moisture from the air, becoming 
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damp, and appears to be leas powerful in its oxidising action upon com* 
bustible bodies at a high temperature. The Peruvian saltpelxe, nowevmr, 
forms a very important source fk>m which to prepare the nitrate of pota^ 
for gunpowder, since it is easily converted into this salt by double decom¬ 
position with chloride of potassium. The latter salt is now imported in so 
large a quantity firom,t]ll 0 sailsmine 94 )f Stassfurth (p. 260), that it enables 
nitrate of soda to be very cheaply converted into nitrate of potash, mid 
renders Indian saltpetre of less importance to the manufacturer of gun¬ 
powder. 

In order to understand the production of saltpetre by the decomposi¬ 
tion of nitrate of soda with chloride of potassium, it is necessary to be 
acquainted with the solubility of those salts and of the salts produced by 
their mutual decomposition. 


100 parts of boiling water dissolve 

218 ports of nitrate of soda, 

68 ,, chloride of potassinnt, 

200 „ nitrate of potash, 

37 „ chloride of sodium. 


100 parts of cold water dissolve 

60 parts of nitrate of soda, 

33 ,, cliloride of potassium, 

80 „ nitrate of juotosh, -• 

36 ,, chloride of sodium. 


It is a general rule that when two salts in solution are mixed, which are 
capable of forming, by exchange of their metals, a salt which is less 
soluble in the liquid, that salt will bo produced and sepaiated. 

Thus when nitrate of soda and cliloride of potassium are mixed, and 
the solution boiled down, chloride of sodium is deposited, and nitrate of 
potash remains in the boiling liquid— 

NaNOj + KCl = KNO 3 + NaCl. 

When this is allowed to cool, the greater part of the nitrate of potash 
crystallises out, leaving the remainder of the chloride of sodium in solu¬ 
tion. 

The method usually adopted is to add the chloride of potassium by 
degrees to the boiling solution of nitrate of soda, to remove the chloride 
of sodium with a perforated ladle in proportion as it is deposited, and, 
after allowing the liquid to rest for some time to deposit suspended 
impurities, to run it out into the crystallising pans. 

The potash-salt required for the conversion of nitrate of soda into nitrate 
of potash is sometimes obtained from the refuse of the beet root employed 
in the manufacture of sugar. 

Nitrate of potash is sometimes prepared from the nitrates obtained in 
the nitre-1ieap8, which consist of accumulations of vegetable and animal 
refuse with limestone, old mortar, ashes, &c. These heaps are constructed 
upon an impermeable clay floor under a shed to protect tljem from rain. 
One side of the heap is usually vertical and exposed to the prevailing 
wind, the other side being cut into steps or terraces. They aro-occasionally 
moistened with stable drainings, which are allowed to run into grooves 
cut in the steps at the hack of the heap. In such a mass, at an atmo¬ 
spheric temperature between 60° and 70° F., mtrates of the various bases 
present in the heap are slowly formed, and being dissolved by the 
moisture, are left by it, as it evaporates on the vertical side, in the form 
of an efflorescence. When this has 'accumulated in sufficient quantity, it 
is scraped ofl*, together with a few inches of the nitrified earth, and 
extract^ vnth water, which dissolves the nitrates, whilst the undissolved 
earth is bifllt^p.again on the terraced back of the heap. After two or 
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tliree years the heap is entirely broken up and reconstructed. The prin¬ 
cipal nitrates which are found dissQlved in the water are those of potasl^ 
lime, magnesia, and ammonia, the three last of which may be converted' 
into nitrate of potash by decomposing them with carbonate of potash. 

The formation of nitric acid in these heaps probably results from che¬ 
mical changes similar to those which occur in the soils in which nitre 
is naturally formed, but, at present, these changes are not thoroughly 
explained. ’ Some chemMs are of opinion that the nitric acid is formed 
by the tmion of atmospheric nitrogen and oxygen, encouraged by the 
presence of porous solids, and of matters undergoing oxidation. The 
explanation which is best supported by experimental evidence is that 
which refers the formatiou of nitric acid to the oxidation of ammonia 
(p. 128), evolved by the putrefaction of the nitrogenised matters which 
the heaps contain, this oxidation also being much promoted by the 
presence of the strongly alkaline lime, and of the porous materials capable 
of absorbing ammonia and presenting it under circumstances favourable 
to oxidation. 

In refining saltpetre for the manufecture of gunpowder, the impure salt 
is dissolved in about an equal weight of boiling water in a copper boiler, 
the solution run through cloth filters to remove insoluble matter, and 
allowed to crystallise in a shallow wooden trough lined with copper, the 
bottom of which is formed of two inclined planes (fig. 278). Whilst 
cooling, the solution is kept in continual agitation with wooden stirrers, 
in order that the saltpetre may be deposited in the 
minute crystals known as saltpetre flour^ and not in 
the large prisms wrhich are formed when the solution 
is allowed to crystallise tranquilly, and which con¬ 
tain within them cavities enclosing some of the 
impure liquor from which the saltpetre has been 
crystallised. The saltpetre, being so much less 
soluble in cold than in hot water, is, in great part, 
deposited as the liquid cools, whilst the chlorides 
and other impurities being present in small propor¬ 
tion, and not presenting the same disparity in their 
solubility at different temperatures, are retained in 
the liquid. The saltpetre flour is drained in a 
Awoden trough with a perforated bottom, and trans- Fig. 278, 

ferrod to a washing-cistern, where it is allowed to 
remain for half an hour in contact "with two or three successive small 
quantities of water, to wash away the adhering impure liquor; it is then 
tdlowed to drain thoroughly, and in that state, containing from three to 
six per cent, pf w'ater, according to the season, is ready to be transferred 
to the ineori>orating mill or to a hot-air oven,'where it is dried if not 
required for immediate usa 

The mother-liquor, from which the saltpetre flour has been deposited, 
is boiled down and crystallised, the crystals being worked up with the 
next batch of grough nitre.* The final washings of the flour are rejiumed 
to the boiler in which the grough nitre is originally dissolved. When 
the saltpetre contains very much colouring matter, a little glue or animal 
charcoal is employed by the refiner to assist in its removal. 

The impurities most objectionable in the saltpetre employed for gun¬ 
powder would be the chlorides of potassium and sodium, which cause it 
to absorb moisture easily from tlie air; the chief test, therefore, to which 
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thfi refiner subjects it, is the addition, to its solution in distilled water, of 
a few drops of solution of nitrate of silwr, which causes a milkiness, due 
to the sepamtion of a precipitate of chloride of silver, if the chlorides have- 
not been entirely removed. Moreover, the sample should dissolve entirely 
in water, to a perfectly clear colourless solution, which should have no 
effect on blue or red htmus paper, and should give no cloudiness with 
chloride of barium (indicating the presence of sulphates), or with oxalate 
of ammonia (indicating lime), when these are added to separate portions 
of it. Very minute quantities of sulphates and of lime, such as may have 
been derived from the use of river water in washing the flour, are gene¬ 
rally disregarded. 

305. Properties of saltpetre .—Nitrate of potash is usually distinguish¬ 
able by the long striated or grooved six-sided prismatic form in which it 
crystallises (though it may also bo obtained in rhombohedral crystals like 
those of nitrate of soda), and by the d eclaration w hich it produces when 
thrown on red-hot c oals. It fuses at about 660“ F. to a colourless liquid, 
which solidifies on codling to a translucent brittle crystalline‘mass. Tlie 
sal prumlle of the shops consists of nitre which has been fused and cast 
into balls. At a red heat it effervesces from the escape of bubbles of 
oxygen, and is converted into nitrite of potash (KNOJ, which is itself 
decomposed by a higher temperature, evolving nitrogen and oxygen, and 
. leaving a mixture of potash and peroxide of potassium. In contact with 
any combustible body, it undergoes decomposition with great rapidity', 

! five-sixths of its oxygen being available for the oxidation of the com- 
1 bustible substance, and the nit^en being evolved in the free state ; thus, 
in contact with cai’bon, the decomposition of the nitre mayTie'fepresented 
by the equation— , 

+ C, =- 2(Kp.c6,) + SCO, -f N,.' 

I Since the combustion of a largo quantity of material may be thus effected 
jin a very small space and in a short time, the temperature produced is 
' much higher than that obtained by burning the combustible in the ordi- 
Inary way. The specific gravity of saltpetre is 2*07, so that one cubic 
Tnch weighs 523 grains (obtained by multiplying the weight of a cubic 
inch of water, 252'5 grains by 2‘07). Since 202 grains (2 molecules) of 
nitre contain 80 grains (5 atoms) of oxygen available for the oxidation .of 
combustible bodies, 523 grains, or one cubic inch, of nitre, would contain 
207 grains or 605 cubic inches of available oxygen, a volume which would 
be contained in about 3000 cubic inches of air; hence, one volume of 
saltpetre represents, in its power of supporting combustion, 3U0D'volumes 
'of atmospheric air. It also enables some combustible substances to bum 
'without actdal flame, as is exemplified by its use in toi^hpaper or slow 
port-firey which consists of paper soaked in a weak solution of saltpetre 
land dried. 

If a continuous design be traced on foolscap paper with a brush dipped in a solu¬ 
tion O&30 grains of saltpetre in 100 grains of water,** and allowed to diy, it will be 
found that when one ^rt of the pattern is touched with a red-hot iron, it will 
gradually burn its way out, the other portion of the paper remaining unaffected. 

A mixture of 90 ^ins of tndtpetre, 80 sulphur, and 80 of moderately fine saw¬ 
dust {BaumSs will deflagrate with sufiicient intensity to fuse a small silver' 
coin into a globule; the mixture may be pressed down in a walnut shell or a small 
^,poredain crucible, and. the corn bur^ in it, the flame of a lamp being applied ont- 
,ride until da^gration bommeaefes. 

aift 
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PiUvis fulmitums is a mixtore of 8 parts of saltpetre, 1 prt of solplmr, and 2 of 
carbonate of potash, all carefully dried; when it is Wt^ on an iron plate, no action 
takes place tul it begins to melt, when it explode very violently. 

306. Charcoal for Gunpowder. —Charcoal has been already described 
as the residue of the destructive distillation of wood, in which process the 
hydrogen and oxygen of the wood are for the most part expelled in the 
forms of wood naphtha (CH^O), pyroligneous acid (CjHfPjj), carbonic 
acid, carbonic oxide, water, &c., leaving a residue containing a much, 
larger proportion of carbon than the original w'ood, and therefore capable! 
of producing a much higher temperature (p. 66) by its combustion with 
the saltpetre. The higher the tempemture to which the charcoal is 
exposed in its preparation, the larger the proportion of hydrogen and 
oxygen expelled, and the more nearly does the charcoal approach in com¬ 
position to pure cai-bon; but it is not found advantageous in practice to 
employ so high a temperature, since it yields a dense charcoal of difficult 
combustibility, and therefore less fitted for the manufacture of powder. 

The following table exhibits the composition of dried alder-wood and 
of the charcoal obtained at different temperatures. The incombustible 
matter or asli of the wood and charcoal is here omitted. 


In 100 parts. 

Tempemture 
of charrltig. 

Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Alder-wood, . . 

1 


48-68 

6-94 

44-75 ! 

0-68 

i 

Charcoal, . . . j 

' 518" V. 

71-0 

4-6 

24-4 

1 

602" 

77-2 

41 

18-7 

1 

9t 

800" 

82-6 

1-9 

15-5 

It 

2000" 

88-8 . 

2-3 

14-4 

It 

2300" 

89-2 

1-4 

9-4 


2700" 

9.i'4 

0-7 

3-9 

H 

Above 8000" 

98-8 

0-6 

0-6 


This table shows that at temperatures between 800° and 2000° F., there 
is very little alteration in the composition of the cliarcoal, and it is within 
these limits that the charcoal employed for tlio manfacturo of gunpowder 
in this country is prepared, llctween these limits, however, the density 
and consequent inflammability of the charcoal vary considerably, that 
prepared at the lower temperatures igniting most readily. Hence it is 
desirable that the temperature of carbonisation should not exceed an 
ordinary low red heat (about 1000° F.) 

The charqpal prepared between 500° and 600° F. has a brown colour 
{charbon rom), and although it is more easily inflamed than the black 
charcoal obtained at higher temperatm-cs, the presence of so large a pro¬ 
portion of oxygen so much diminishes its calorific value, that its employ¬ 
ment in gunpowder is not advantageous. It is used on the Continent in 
the manufacture of sporting-powder, and is prepared by exposing the 
wood, in an iron cylinder, to the action of high-pressure steam heated to 
about 540“ F. 

light woods, such as alder, willow, and dogwood,* are selected for the 
preparation of charcoal for gunpowder, because they yield a lighter and 

• Dogwood olinrcoal ia not msnle from the true dogwood {corrms) but from th® alder 
budethom {Rlicmnus fmngwla), commonly called bladfe dogwood. 
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more easily combustible charcoal, dogwood being employed for the best 
quaUt^oTpowStSTKrTmall arms. This wood is chiefly imported, since it 
has not been successfully grown in this country. The wood is stripped of 
its bark, and either exposed for a length of time to the air or dried in a hot 
chamber. Considerable loss of chorcod takes place if damp wood be charred, 
a portion of the carbon being oxidised by the steam at a high temperature. 

In order t<),conyert the wood into ch^oal, 1^ cwt. of wood is packed 
into a sheet iron cylinder or slip (fig. 279), one end of which is closed 

by a tightly fitting cover, and the 
other by a perforated plate, to 
allow of the escape of the gases and 
vapours expelled during the car¬ 
bonisation. This cylinder is then 
introduced into a cylindrical cast- 
iron retort, built into a brick fur¬ 
nace, and provided with a pipe (L) 
for the escape of the products, 
which are usually carried back 
into the furnace (B) to be con¬ 
sumed. The process of charring 
occupies from 2| to hours, and 
as soon as it is completed, which 
is known by the violet tint of the 
Fig. 279.—Charcoal retort. (carbonic oxide) flame from the 

pipe leading into the fire, the slip 
is transferred to an iron box or extinguisher, where the chai'coal is allowed 
to cooL About 40 lbs. of charcoal arc obtained from the above quantity 
of wood. Charcoal prepared b^ this process is spoken of as cylinder 
charcoal, to distinguish it from pit charcoal, prepared by the ordinary 
process of charcoal-burning described at p. C2, and which is employed 
for fuze compositions, &c., but not for the best gunpowder. The fitness 
of the charcoal for the manufacture of powder is generally judged of by its 
physical characters. It is of course desirable that the charcoal should be 
as free from incombustible matter as possible. Tlie proportion of the ash 
left by different charcoals varies considerably, but it seldom exceeds two 
mer cent. This ash consists chiefly of the carbonates of potash and lime; 
Kt also contains pS^phate of lime, carbonate of magnesia, silicate and sul- 
Iphate of potash, chloride of sodium, and the oxides of iron and manganese. 

The clmrcoal is kept for about a fortnight before being ground, for if 
ground when fresh, before it has absorbed moisture from the air, it is 
liable to spontaneous combustion. The grinding is effected in a mill 
resembling a coffee-mill, and the charcoal is afterwards sifted. 

The properties of charcoal have been already described; its great ten¬ 
dency to absorb moisture from the air is of some importance in the manu¬ 
facture of gunpowder, from its causing a fUse estimate to be made of the 
proportion employed, unless the actual amount of water present in the 
charcoal is known. „ 

Tar charcoal is the name given to sticks of charcoal which have acci¬ 
dentally become coated with a shining film of carbon left behind by tar 
which' has condensed upon it in the r^rts j it is sometimes rejected by 
the powder manufacturer. 

307. Suii^ira FOR GUNPOwroBR .—DistiUed sulphur 189) is the 
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variety always employed for the manufacture of gunpowder, the sub^ 
limed sulphur being employed for faze cbmpositions, W The alleged 
reason for the preference is that the sublimed sulphur, having been 
deposited in a chamber containing much snlphnrous and sulphuric acid 
vapours, its pores have become charged with acid which would be inju¬ 
rious in the powder; but it has been pointed out (p. 191) that distilled 
sulphur consists ent^ly of the soluble or electro-negative variety of sul¬ 
phur, whilst sublimed sulphur contains a large proportion of the insoluble 
or positive sulphur, which would probably influence its action in gun¬ 
powder. The sulphur should leave scarcely a trace of incombustible 
matter when burnt, and after stirring the powdered sulphur for some 
time with warm distilled water, the latter should only very feebly redden 
blue litmus. As an ingredient of gunpowder, sulphur is valuable on 
account of the low temperature (660° F.) at which ttlfiflames, thus faciE- 
tafihg'Its oxidation by saltpetre appears 
aEoTo be aitentted withTIKe prSduction of a higher temperature thmi is 
obtained with charcoal, which would have the effect of ac celerating the 
c ombustion au(^^onhcrea8mg,^y expansion,'sthe volume of~^"evwve3r 
The sulphur is ^oundlffidef eJ^^uiunerslIig. 280) and sifted 

The difference in the inflammahility of sulphur and charcoal is strikingly shown 
by heating a square of coarse wire gauze over a flame till it is red-hot in the centre, 
placing it over a jar of oxygen, allowing it to cool till it no longer kindles charcoal- 
powder sprinkled through it from a pepper-box, and whilst the cloud of charcoal is 
still floating in the gas, throwing in sulphur from a second box; the hot gauze will 
inflame the sulphur, and tliis wul kindle the charcoal. 

An iron rod allowed to cool below redness may be used to stir a mixture of charcoal 
with (3 parts of) nitre ; W if dipped into powdered sulphur, at once inflames it, 
and the flame of the sulphur will kindle the mixture. The effect of the same 
rod upon mixtures of nitre with charcoal alone, and with charcoal and sulphur, is 
instructive. 

The acceleration of the combustion of gunpowder by the sulphur is well shown by 
laying a train, of wliich one-half consists of a mixture of 75 nitre and 25 charcoal, 
and the other of 75 nitre, 15 charcoal, and 10 sulphur, a red-hot iron being applied 
at the junction of the two trains to start them together. 

308. Manufacturk of ounpowdeb. —The proportions of tho ingre¬ 
dients of gunpowder have been varied 
somewhat in different countries, tho 
saltpetre ranging from 74 to 77 per 
cent, the ch^oal from 12 to 16, and 
the sulphur from 9 to 12*5 per cent. 

En glish Government powder contains 
76 per cent, of nitre, 15 per cent, of 
charcoal, 10 per cent of sulphur. An 
extra pound of saltpetre is generally 
added at Waltliam, to compensate for 
loss in manufacture. 

The powdered ingredients* are first 
roughly mixed in a revolving g^- 
meM drum, with mixing arms turning 
in an opposite direction, and the mix- Fig. 280.—Incorporating mill, 

ture is subjected, in quantities of about 

50 lbs. at a time, to the action of the incorporating mill (fig. 280), where 
it is sprinkled with water, poured through the funnd (F), or from a 

* The amount of water in the moist saltpetre (p. 411) is ascertained by drying and 
melting a weighed sample before the proportions are weighed out. 
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can with a fine roflo> and exposed to trituration and pressure under two 
cast iron edge-ronnOTs (B), rolling round in different paths upon a 
cast-iron be^ a very intimate mixture being thus effected by the 
same kind of movement as in a common pestle and mortar, the 
distribution of the nitre through the mass being also assisted by its solu¬ 
bility in water. A wooden scraper (C) tipped with copper, prevents the 
roller from getting clogged, and & plough (D) keeps the mixture in jthe 
path. Of course, the water employed to moisten the powder must be as 
free from deliquescent salts (especMly chlorides, see p. 411) as possible j 
at Waltham condensed steam is employed ; the quantity required varies 
with the state of the atmosphere. The duration of the incorporating 
process is varied according to the kind of powder required, the slow-bum- 
ing powder employed for cannon being sufficiently incorporated in about 
3 hours, whilst rifle-powder requires 5 hours. 

The dark-grey mass of mill-cake which is thus produced, contains 2 or 
3 per cent, of water. It is broken up by passing between grooved rollers 
of gun-metal, and is then placed, in layers of about half an inch thick, 
between coi^per plates packed in a stout gun-metal box lined inside and 
outside with wood, in which it is subjected for a quarter of an hour to a pres¬ 
sure of about 70 tons on the square foot, in a hydraulic press, which has 
the effect of condensing a larger quantity of explosive material into a 
given volume, and of diminishing the tendency of the powder to absorb 
moisture from the air and to disintegrate or dust after granulation. The 
press eaJce thus obtained is very hard and compact, resembling slate in 
appearance. As far as its chemical nature is concerned, it is finished 
gunpowder, but if it be reduced to powder and a gun loaded with it, the 
combustion of the charge is found to take place too slowly to produce its 
full efiect, since the pulverulent form offers so great an obstacle to the 
passage of the flame by which the combustion, is communicated from one 
end of the charge to the other. The press-cake must, therefore, be 
granulated {corned) or broken up into grains of sufficient size to allow the 
rapid passage of the flame between them, and the consequent immediate 
firing of the whole charge The granulation is effected by crushing the 
press cake between successive pairs of toothed gun-metal rollers, from 
which it falls on to sieves, which separate it into grains of different sizes, 
the dust, or meal powder, passing through the last sieve. At Waltham, 
the E.L.G. (rifle large grain) passes through a sieve of 4 meshes to the 
inch, and is retained on one of 8 meshes, whilst the E.F.G, (rifle fine 
grain) passes through a 12 mesh and is retained on a 20 mesh sieve. 
The granulated powders are freed from dust by passing them through 
revolving cylinders of wooden frame-work covered with canvas or wire 
cloth, and the fine grain powder is glazed by the friction of its own grains 
against each other in revolving barrels. The large-grain powders are 
sometimes glazed or faced with graphite, by introducing a little of that 
substance into the glazing-barrels with the powder. The powder is dried 
in a chamber heated by steam very gradually, so as not to injure, the 
grain, and is once more dusted in canvas cyliijders before being packed. 

For very large charges, the grains having a diameter of f to | inch 
(R.L,G.) are found to bum too rapidly, exerting too great a strdn upon 
the gun. In such cases, pehhle powder, the grains of which vary from f 
to ^ inch in diameter, is employed. This has been made hitherto by 
breaking up the slabs of press-cake on wooden tables with mallets armed 
with bronie j|pints. 
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Priemaiic 'pofvod&r consists of lai^e grains made of a regular six-sided 
prismatic form by compressing tbe powder-meal (without previously 
n^wIriTig it into press-cake) in moulds, with metal punches, whereas the 
pebble powder is irregular in form. The prismatic powder is made with 
perforations in the direction of its length, to facilitate the passage of 
dame through the charge. 

Pellet powder in a similar manner into cylindrical pellets 

about 4 inch long, and | inch in diameter, perforated at one end to about 
the centre. 

309. Peoperties op gunpowder. —Good gunpowder is composed of 
hard angular grains, which do not soil the lingers, and have a perfectly 
uniform dark-grey colour. Its specific gravity {absolute density) as deter¬ 
mined by the densimeter* varies between 1-67 and 1-84, and i\,e apparent 
density (obtained by weighing a given measure of the grain against an 
equal measure of water) varies from 0‘89 to 0‘94, so that a cubic foot 
will weigh from 55 to 58 lbs. When exposed to air of average dryness, 
gunpowder absorbs from 0'5 to I'O per cent, of water. In damp air it 
absorbs a much larger proportion, and becomes deteriorated in conse¬ 
quence of the saltpetre being dissolved, and c^stallising upon the sur¬ 
face of the grains. Actual contact with water dissolves the saltpetre and 
disintegrates the grains. When very gradually heated in air, gunpowder 
begins to lose sulphur, even at 212° i'., this ingredient passing off rapidly 
as the temperature rises, so that the greater part of it may be expelled 
without inflaming the powder, especially if the powder is heatetl in 
carbonic acid or hydrogen, to prevent contact with air. If gunpowder 
be suddenly heated to 600° F. in air, it explodes, the sulphur probably 
inflaming first j but out of contact with air a higher temperature is 
required to inflame it. The ignition of gunpowder by flame is not 
ensured unless the flame be flashed among the grains of powder; it 
often takes some time to ignite powder with the flame of a piece of 
burning paper or stick, but contact with a red-hot solid body inflames 
it at once. A heap of good powder, when fired on a sheet of white! 
paper, bums without sparks and without scorching or kindling the- 
imper, which should exhibit only scanty black marks of charcoal aften 
the explosion. If the powder has not been thorouglily incorporated, 
it will leave minute globules of fused nitre upon the paper. Two ounces 
of the powder should be capable of throwing a 68-lb. shot to a distance 
of 260 to 300 feet from an 8-inch mortar at 45° elevation. 

This mode of testing powder by the eprouvette mortar is not now 
applied to Government powders. Far more accurate results are obtained 
by measuring the velocity imparted to a projectile of known weight by a 
given charg^of the powder. The velocity is measured by means of a 
chronoscoj'ie which registers the distance travelled by the shot in a 
given time by causing it to cut the wire of one electrical circuit at 
the commencement of its flight, and tlmt of another at the conclusion, 
thus telegraphing its velocity to the instrument room at a distance. 

Cannon powder (R.L.G.) is tested by firing a charge of 1 lb. from a 
muzzle-loader rifled gun, with a 12 lb. shot. Small arm powder (xt.F.G.) 
is fired from a Snider-Enfield or Martini-Henry rifle. The mean velocity 
at a distance of 105 feet from the muzzle is determined. For Hl-G. it 

* This is a simple apparatus for determining the weight of mercury displaced by a given 
weight of gunpowder from which all the air has been exhausted. 
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amounts to about 1000 feet per second. A charge of 70 grs. of E.F.G. 
in the Snider-Enfield rifle gives a velocity somewhiri; greater than this. 

Very fortunately, it is difficult to explode gunpowder by concussion, 
though it has been found possible to do so, especially on iron, and acd- 
rlents appear to have been caused in this way by the iron edge-runners in 
the incorporating mill, when the workmen have neglected the special pre¬ 
cautions which are laid down for them. The use of stone upon iron in 
the incorporation is avoided, because of the great risk of producing sparks, 
and copper is employed in the various fittings of a powder mill wherever 
it is possible. 

I The electric spark is, of course, capable of firing gunpowder, though 
f it is not easy to ensure the inflammation of a charge by a spark unless 
its conducting power is slightly improved by keeping it a little moist, 

; which may bo effected by introducing a minute quantity of chloride of 
calcium. 

310. Products of explosion op gunpowder. —In the explosion of gun¬ 
powder, the oxygen of the nitre converts the carbon of the charcoal chiefly 
into carbonic acid (COj), part of which assumes the gaseous state, whilst 
the remainder combines with the potash of the nitre to form carbonate of 
potash (KjO.COj). The greater part of the sulphur is converted into 
sulphuric acid (SOg), which forms sulphate of potash (Kp.SOg). The 
chief part of the nitrogen contained in the nij^rejs evolved in the uncom¬ 
bined state. The rough chemical account of the explosion of gunpowder, 
tEerifore’, is that the mixture of nitre, sulphur, and charcoal is resolved 
into a mixture of carbonate of potash, sulpliate of potash, carbonic acid, 
an^Tfitr^en, the two last being gases, the elastic force of which, when 
expanded by the heat of the combustion, accounts for the mechanical 
effect of the explosion. 

But in addition to these, several other substances are found among the 
products of the explosion. Thus, the presence of sulphide of potassium 
(K,S) may be recognised by the smell of hydrosulphuric acid produced on 
moistening the solid residue in the barrel of a gun, and hydrosulphuric 
acid (HjS) itself may often be perceived in the gases produced by the 
explosion, the hydrogen being derived from the charcoal. A little marsh- 
gas (CHJ is also found among the gases, being produced by the decom¬ 
position of the charcoal, a portion of the hydrogen of which is also 
disengaged in the free state. Carbonic oxide (CO) is always detected 
among the products. It is evident that the collection for analysis of the 
products of explosion must bo attended with some trouble, and that con¬ 
siderable differences are to be expected between the results obtained by 
different operators, from the variation of the circumstances under which 
the powder is fired and the products collected. When tbe powder is 
slowly burnt, a considerable proportion of the nitrogen in the saltpetre is 
evolved in the form of nitric oxide gas (HO), which is not found among 
the products of the rapid explosion of powder. 

Some of the most recent experiments upon ,f)he explosion of gunpowder 
liave been made under conditions very simile to those which occur in 
practice, the powder having been conned in a Ihin iron case and sus¬ 
pended in the centre of a strong iron globe exhausted of air, in which the 
,i. powder was fired by elecfricity, so that the gaseous and solid products of 
1;he exploripn remained witlun the globe, and could he submitted to 
ana^sis. .Tw# samples of powder were thus examined, but their com- 
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puHition diifered from that of English Goveruiuent powder stated ahovej 
as will he seen by the foUowing teble 




I. 

II. 

Nitre, . 

• • • 

78*78 

77-16 

Sulphur, 

« • • 

12-80 

8-68 

Charcoal, 

viz., Carbou, . 

10-88 

11-78 


Hydrogen, 

0-88 

0-42 


Oxygen, . 

1-82 

1-79 


Ash, 

0-31 

0-28 



99-07 

100 05 


About 570 grs. of powder were exploded in each experiment. The gas 
collected was found to be inflammable, as would be expected from the 
flash which is always perceived at the muzzle when a gun is discharged. 


100 grs. of sample I. gave 107-4 cub. in. of gas at 32° F. and 30 in. Bar. 
** >» l-l" »» 117-5 

44 


The gases contained, in 100 cubic inches— 


• 

1. 

II. 

Nitrogen. 

87-58 

35-33 

Carbonic acid (CO,), 

42-74 

48-90 

Carbonic oxide (CO), 

10-19 

5-18 

Hydrogen, .... 

.•i-OS 

6-90 

Sulphuretted hydrogen (H,S), 

0-86 

0-67 

Marsh-gas (CH,), . 

2-70 

3-02 


100-00 

100-00 


'J’he products of explosion furnished by 100 gniins of each powder, 
wore— 


I. II. 


Sulidiate of potash (K^O.SO,), 
Carbonate of potash (KjO.CO,), 

36-96 

36-17 

19-40 

•20-78 

<•" Hyposulphite of |)ut«^h (K,().S,0,), 

2-85 

1-77 

Sulphide of potassium (K,S), 

0-11 

0-00 

Scsiiuicarbonate of ammonia, 

2-68 

2-66 

^ Charcoal,. 

2-67 

2-60 

Sulphur,. 

4-69 

1-16 

Nitrogen,. 

9-77 

10-06 

-• Carbonic acid (CO,), 

17-39 

21-79 

Carbonic oxide (CO), 

2-64 

1-47 

Hydrogen,. 

0-11 

0-14 

Sulphuretted hydrogen (H,S), 

0-27 

0-23 

Marsh-gas (CH,), 

0-40 

0-49 


99-83 

99-82 


In both these cases, it will be seen that if the charcoal and sulphur 
which took no part in the combustion be left out of consideration, the 
sulphate and carbonate of potash formed together more than f of the 
solid products of explosion; and that the carbonic acid and nitrogen 
talran together amountedf in the one case to and in the other to -{f of 
the gaseous products. If only the chief products of the explosion be 
taken into consideration, viz., sulphate and carbonate of potash, carbonic 
acid, carbonic oxide, and nitrogen, the following equation is the simplest 
which can be constructed from the above numerical data;— 

\ 7(K.O.N,0^ + S, + C„ = 4(K,0.S03) + 3(K,O.CO,) + SCO, + N,, + CO. 
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This equation, however, would re¬ 
present a gunpowder composed of 

Nitre,.88'8 

Sulphur,.7*6 

Charcoal, . ■ . . . 8’5 


90-8 


and would require the products of 
decomposition to be— 


Sulphate of potash, . . . 41*2 

Carbonate of potash, . . 24*5 

Carbonic acid.20*8 

Nitrogen, . . . 11*8 

Carbonic oxide, . . . 1 *8 


99*7 


• Eeasoning from analogy with other chemical operations, it seems pro¬ 
bable that the explosion of gunpowder really includes a number of 
chemical changes which cannot be simply represented in one equation, 
and that whilst the above equation, or some similar one, represents the 
principal reaction which takes place during the explosion, there are other 
minor reactions in progress, the products of which are found in smaller 
quantity. 


311. Calculation op the force op fired gunpowder. —^The mechani¬ 
cal force exerted in the explosion of gunpowder depends upon the pro¬ 
duction of a large volume of gas from a small volume of solid, the volume 
of the gas being increased by the expansive effect of the heat generated 
in the combustion of the charcoal and sulphur. To calculate the amount 
of this mechanical force, it is necessary to ascertain the volume of gas 
which would be evolved by a given volume of powder, and the extent to 
which this gas would be expanded by the heat at the instant of explosion. 

In order to illustrate this calculation, let it be assumed that the equa¬ 
tion given above correctly represents the explosion of the powder, viz,— 

7(K,0.1f,0,) -t- S, + Cl, = 4(h;O.SO,) -t- 3(K,O.CO,) + SCO, + + CO. 

Now, it is calculated from the Table of Atomic Weights that 


S4 

C 


13 


fjO,) (202 

X 7) = 

1414 

grains!. 

( 32 

X 4) = 

128 

* »> 

( 12 

X 12) =-. 

144 

»9 

Gunpowder, 

• 

1686 

»9 


At 60* F., and 30 In. Bar. 
SCO, (44 X 8) = 852 grama = 744*0 cub. inches. 

14N (14 X 14) = 196 „ = 650*8 „ 

CO = 28 „ = 93*0 „ 


1487*8 


Hence it appears that 1686 grains of gunpowder would yield 1487*8 
cubic inches of gas measured at 60° F. and 30 in. barometric •pressure. 

If one cubic foot of the powder weighs 68 lbs., one cubic inch will 
weigh 234*9 grains, and will evolve 207 cubic inches of gas measured at 
60° F. and 30 in. Bar.* 

But the mechanical force exerted by the powder depends upon the 
volume of this gas at the period of explosion, and in order to calculate 
this, we must ascertain what would be its temperature at that period. 

A carefully conducted experiment has shown that the explosion of one 
part by weight of gunpowder is able to raise the temperature of 619*6 

f It will be remembered that this is only the apparent density of the powder, as obtained 
Viy lihe old method of weighing a cubic foot of the loose powder. The density of a ntmmed * 
down charge woiiid of eoursebe greater tirnn this. 
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parts by weight of water from 0* C. to 1® C., or to raise the temperature of 
one part by weight of water from 0® C. to 619®-6 C., supposing the water 
to be capable of bearing so great an elevation of temperature without 
change of state. 

This result is generally expressed by saying that the combustion of the 
powder evolves 619‘5 'imiU of heat (the unit of heat being the quantity 
required to raise 1 part by weight of water from 0® C. to 1® C.) 

JBut the products of the explosion of powder will be raised to a higher 
temperature than 619®'5 C., because their specific heat is lower than that 
of water. 

h'or the purpose of this calculation, the specific heat of a substance may 
be defined as the quantity of heat required to raise 1 gr. of the substance 
through 1® of the thermometer, water being taken as the unit. 

It is evident that if the specific heat of each product of the explosion 
be multiplied by the actual weight of that product, the result will be the 
quantity of heat required to raise that product 1® in temperature. 

* The specific heats of the products have been ascertained by experiment, 
and are contained in the first column of figures in the following table. 
The actual weight of each product from the explosion of 1 gr. of powder 
is contained in the second column, and the third column shows the 
quantity of heat required to raise each product 1® C. (representing as 
unity the quantity of heat required to raise 1 gr. of water from 0° C. 
to 1® C.) 


Sulphate of potash, . 
Carbonate of potash, 

Spec. neat. 


From 1 pr. 
powder. 


. 0*1901 

X 

0*412 = 

0*07832 

. 0*2162 

X 

0*246 = 

0*05319 

Carbonic acid, 

. 0*2164 

X 

0*209 = 

0*04523 

Nitrogen, 

. 0*2440 

X 

0*116 = 

0*02830 

Carbonic oxide, 

. 0*2479 

X 

0*017 = 

0*00421 

0*20925 


The quantity of heat, therefore, which is required to raise, through 
1° C., the joint products of the explosion of one grain of gunpow'der is 
0*20925 of the above-mentioned unit. 

Dividing the 619*5 units of heat generated in the explosion, by the 
quantity of heat required to raise thpi joint products through one degree, 
viz., 0*20925, w’e obtain 2960® C. (= 5328® F.) for the number of de¬ 
grees through which the products will be raised by the explosion, t.e., for 
the tomperatiu’e of the products at the moment of explosion.* 

It remains to be ascertained what volume would be occupied, at 5328® 
F., by the 207 cubic inches of gas at 60® F. evolved from one cubic inch 
of powder. 

The exphnsion which gases suffer when heated amounts to of tlieir 
volume at 32® F. for each degree Fahrenheit. 

Thus 491 volumes of gas at 32® F. become 
492 „ „ 33® F., 

and, if heated 28" above*32®, i.e., to 60® F., they would become 491 + 28, 
or 619 volumes. If the 491 volumes be heated to 6328® F., or 6296° 
above 32®, they will expand to 491 + 5296, or 5787 volumes. 

The volume of the gas at the moment of explosion, therefore, will be 
ascertained from the following proportion— 

* Strictly speaking, 8*2° F. should be added, on account of the different positions of the 
zero in the two scales, but it would not materially affect the result. 
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Vob. at 60® F. Vols. at 6828® F. Cub. in. at 60® F. Cub. in. at 6828® F. 

519 : 5787 : ; 207 : 2308 

from which it appears that one cubic.inch of powder would evolve a 
fiuantity of gas measuring 2308 cubic inches at the moment of ex¬ 
plosion. 

Since the pressure exerted by gases upon the sides of a containing 
space is inversely as their volume, the gas evolved from a cubic inch of 
}>owder, if developed in a space exactly filled by the powder, would exert 
a pressure of 2308 atmospheres, or 34,620 lbs., or 15| tons upon the 
square inch. 

It is here supposed, of course, that the whole of the gas is evolved at 
once, and is immediately raised to the same temperature, conditions never 
fulfilled in the use of gunpowder in small arms or in cannon, where the 
combustion of the charge is not instantaneous, but rapidly progressive, 
where the confining space is rapidly enlarged by the movement of the 
projectile long before the whole of the charge has exploded, and where 
the heated gas is cooled by contact with the metal of the piece. 

The calculation given above can be regarded only as an illustration of the method, 
as there are several circumstances which vitiate the conclusion anived at. The 
chemical equation on which it is based is confessedly imjierlect. 

We know little or nothing of the real condition of the products at the moment 
of the explosion; it is probably very different from that after cooling, when we 
examine them. From what is known of the effect of heat upon carbonic acid and 
carbonic oxide, it is almost certain that these gases are at least partially resolved into 
their elements at the moment of explosion, and it is scarcely likely that the complex 
molecules of sulphate and carbonate of potash would exist at so high a temperature. 
Any breaking up of the molecules of carbonic acid, sulphate and cai^onate of potash, 
womd increase the expansion, and render the above estimate of the force of fired 
powder too low. 

Again, the specific heats have been stated on the supposition that the gases were 
perfectly unconfined, whereas in the circumstances under which powder is fired, their 
expansion is opposed by the projectile. The subjoined table shows that the specific 
heats of the gases, when restrained from expanding, are much lower 

Specific Heats. 



At constant preiwui'e and var.v- 

At varying jn-Cfnare and con¬ 


iiif! volume (uncontlncd). 

stant vutttine (confined). 

N 

. 0-2440 

0-1717 

CO 

. 0-2479 

0-1763 

CO, . 

. 0-2164 

0-1702 


Any diminution in the specific heats of the products would obviously increase the 
ten^rature at the moment of explosion, and therefore the force of the fired powder. 

The actual rate of ex|)ansion of gases at so high a temjierature is inferred from our 
experience of their behaviour at comparatively low temperatures, and there are some 
indications of a want of agreement under the two conditions. 

The experiments of Andrews have shown that, even at a pressure qf 100 atmo¬ 
spheres, carbonic acid exhibits striking deviations from the law that the pressure 
exerted by a gas is invemely as its volume. 

Noble’s experiments, made upon a similar plan to those of Karolyi (p. 418), but 
with much larger charges of powder, and in a vessel provided with a crusher gatege, 
which registers the pressure at the moment of explosion by the compression of a soft 
copper cylinder, indicate the highest pressure of fired ppwder in a closed space, as 
about 40 tons per square inch. 

In criticising all attempts to determine the pressure caused by an explosion, it 
must be remembered that the' effects of a given pressure are v^ different when 
gradually and when suddenly applied, the same amount of force which produces little 
effect as a push, may act very destructively as a blow. 

He period, over yrhioh the’ combustion of a given weight of powder 
extends will, ofsco^^e, depend upon the extent of surface over which it 
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can be kindled; thus a single ftagment of powder weigbing 10 grains, 
even if it were instantaneondy kindled over its entire snrface; conld not 
evolve so much gas in a given time as if it had been broken into ten 
separate grains, each of which was kindled at the same instant, since the 
inside of the large fragment can only be kindled from the outside. Upon 
this principle a given weight of powder in large grains will occupy a 
longer period in its explosion than the same weight in small grains, so 
that the large grain powder is best fitted for ordnance, where the ball is 
very heavy, and the time occupied in moving it will permit the whole of 
the charge to be fired before the ball has left the muzzle, whilst in small 
arms with light projectiles, a finer grained and more quickly burning 
charge is required. If the fine grain powder were used in cannon, the 
whole of the gas might be evolved before the containing space had been 
sensibly enlarged by the movement of the heavy projectile, imd the gun 
would be subjected to an unnecessary strain ; on the other hand, a l^e 
grain powder, in a musket, would evolve its gas so slowly that the ball 
might be expelled with little velocity by the first half of it, and the re¬ 
mainder would be wasted. There is good reason to believe that even 
under the most favourable circumstances, a large proportion of every charge 
of powder is discharged unexploded from the muzzle of the gun, and is 
therefore wasted. In blasting rocks and other mining operations, the 
space within which the powder is confined is absolutely incapable of en¬ 
largement until the gas evolved by the combustion has attained sufficient 
pressure to do the whole work, that is, to rend the rock, for example, 
asunder. Accordingly, a slowly burning^ eba^ will produce the efiect, 
since the rock must give~uray "vdien the gas attains a certain pressure, 
whether that happens in one second or in ten. Indeed, a slowly burning 
charge is advantageous, as being less liable to shatter the rock or coal, and 
bringing it away in larger masses with less danger. Nitrate of baryta and 
nitrate of soda are sometimes substituted for a part of the nitrate of 
potash in mining powder, its combustion being thus retarded. 

The same chaige of the same txjwder produces very different results when heated 
in different ways. If 5 grs. of gunpowder he placed in a wide test-tube, and fired by 
passing a heated wire into the tube, a slight puff only is perceived ; but if the same 
amount of powder be heated in the tube by a spirit lamp, it will explode with a loud 
report, and perhaps shatter the tube (a copper or brass tube is safer). In the first 
case, the combustion is propagated slowly fi'om the particle first touched by the wire; 
in the second, all the particles are raised at once to pretty nearly the same tempera¬ 
ture, and as soon as one explodes, all the rest follow instantaneously. 

When gunpowder is slowly burnt, the products of its decomposition are 
different from those mentioned above; thus, nitric oxide (NO), arising 
from incomplete decomposition of the nitre, is perceived in considerable 
quantity, and may be recognised by the red colour produced when it is 
brought in contact with air. 

The white smoke resulting from the explosion of gunpowder consists 
chiefly of the sulphate and carbonate of potash in a very finely divided 
state; it seems probable that at the instant of explosion they are con¬ 
verted into vapour, and aare afterwards deposited in a state of minute 
division as the temperature falls. The fouling or actual solid residue iu 
the gun is very trifling when the powder is dry and has been well incor¬ 
porated ; a damp or slowly burning powder leaves, as might be expected, 
a huger residue. The residue always becomes wet on exposure to air, 
from the great attraction for moisture possessed by the carbonate of potash 
and sulphide of potassium. 



424 BJFECT OF ATMOSPHERIC PRESSURE ON FIRED GUNPOWDER. 

When 10 grains of Waltham Abbey gunpowder are fired in a strong air-tight cylia* 
d,er, about an inch high, and half an inch in diameter, by the galvanic battery, the 
int^or of the cavity m covered with a snow-white powder composed of sulphate and 
carbonate of potash, which deliquesces rapidly in a damp atmosphere. No nitric 
oxide is found in the gas formed by the ex^osion. 

312. Effect of variaiiom of atmospheric presmre on the conibmtion of 
gunpotvder. —From the circumstance that the combustion of gunpowder is 
independent of any supply of oxygen from the air, it might be supposed 
that it would be as easily inflamed in vacno as under ordinary atmo¬ 
spheric pressure. This is not found to be the case, however, for a 
mechanical reason, viz., that the flame from the particles whicli are first 
ignited escapes so rapidly into the vacuous space, that it does not inflame 
the more remote particles. For a similar reason, charges of powder in 
fuzes are found to burn more slowly under diminished atmospheric 
pressure, the flame (or heited gas) escaping more rapidly and igniting less 
of the remaining charge in a given time. It has been determined that if 
a fuze be chained so as to burn for thirty seconds under ordinary atmo¬ 
spheric pressure (30 inches barometer), each diminution of one inch in 
barometric pressure will cause a delay of one second in the combustion of 
the charge, so that the fuze will biu’n for thirty-one seconds when the 
barometer stands at 29 inches. 

^ The manufacture of gunpowder may bo illustrated by the following experiments on 
a small scale: — 

Preparation of the ingredients — Chare,oaI. —A few small pieces of wood are placed 

ill a clay crucible, which is then filled up with dry 
sand and heated in a moderate fire as long as any 
vapours are evolved, when it may be set aside to 
cool. 

Sulphur. —r»00 grains of roll sulphur may lie dis¬ 
tilled in a Florence flask, using another fla.sk, the 
neck of which has been cut off (fig. 281), for a receiver, 
from which the sulphur is afterwards poured, in a 
melted state, upon a piece of tin-plate. 

Kitre. —1000 grains of impure nitre are dissolved, 
at a moderate heat, in four measureil ounces of 
distilled water, in an evaporating dish {fig. 282); 
the solution is filtered into a beaker which is ploried 
in cold water, and stirred with a glass rod until it 
is quite cold. The saltpetre flour thus obtiuned is collected upon a filter, thoroughly 
drained, the filter removed from the funnel, spread out, the saltpetre transferred to 

another piece of filter paper, and pi-essed between 
the paper to remove as much of the liquid as pos¬ 
sible ; it Is then spread out on paper .and dried ou a 
hot brick. (For the mode of testing its purity see 
p. 412.) 

Mixture of the ingredients. —60 grains of the char¬ 
coal, reduced to a very fine powder, 40 gi’ains of the 
sulphur, also previously powdered, and 800 grains of 
the dried nitre, are very intimately mixed in a mortar; 
50 grains of the mixture are set aside for comparison. 
To the remainder enough water is added to make 
it into a stiif cake, which is well incorporated under 
the pestle for some time. It is then scraped out of 
the mortar and allowed to dry slowly at a very gentle 
heat. When mrfectly dry it is crumbled to a coarse 
powder, and the dust sifted out through a piece of wire 
Fig. 282. gauze. It will be found instructive to compare, in 

trains uid otherwise, the firing of the powder in grains, 
m the dust, aad of the mixed in«edients without incorporation, observing espe ciall y 
the difie»noe4ii ii^idity of bnrmng tad in the amount of residue. < 




Fig. 281. —Distillation of 
sulphur. 
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CHEMISTRY OF FUEL. 

313. Several of tlie applications of chemical principles in the combus¬ 
tion of fuel have been already explained and illustrated. The object of 
this chapter is to compare the chemical composition of the most important 
varieties of fuel, and to exempliiy the principles upon which their heating 
power maybe calculated from the results furnished by the analysis of the 
fuel. 

All the varieties of ordinary fuel, of course, contain a large proportion 
of carbon, always accompanied by hydrogen and oxygen, and sometimes 
by small proportions of nitrogen and suljjhur. Certain mineral substances 
are also contained in all solid fuels, and compose the ash when the fuel is 
burnt. 

For all practical purposes it may be stated, that the amount of heat 
generated by the combustion of a given weight of fuel depends upon the 
weights of carbon and hydrogen, respectively, which enter into combina¬ 
tion with the oxygen of the air in the act of combustion of the fuel. 

It has been ascertained by experiment that 1 grain of carbon (in the 
form in which it exists in wood charcoal), when combining ^vith oxygen to 
form carbonic acid, produces a quantity of heat which is capable of raising 
8080 grains of ivater irorn 0° to 1“ of the centigrade thermometer. This 
is usually expressed by saying that the culorijic value of carbon is 8080, 
or that carbon produces 8080 units of ]ieat during its combustion to 
carbonic acid. If the fuel, therefore, consisted of pure carbon, it would 
merely be necessary to multiply its Aveight by 8080 to ascertain its calorific 
value. 

1 grain of hydrogen, during its conversion into water by combustion, 
evoh^es enougli heat to raise 34,400 grains of AA-ater from 0° C. to 1“ C., so 
that the calorijic value of hytlrotjen is 34,400. 

If the fuel consisted of carbon and hydrogen only, its calorific value 
would be calculated by multiplying the Aveight of the carbon in one grain 
of the fuel by 8080, and that of the hydrogen by 34,400, Avhen the sum 
of the products would represent the calorific A'alue. But if the fuel 
contains oxygen already combined with it, the calorific A'alue Avill be 
diminished, since this oxygen Avill consume a part of the combustible 
Avithout generating heat, because it already exists in a state ol' combina¬ 
tion with the carbon and hydrogen of the fuel. For example, 1 grain of 
Avood contains 0‘5 grain of carbon, 0'06 of hydrogen, and 044 of oxygen. 
Kow, oxygen combines Avith one-eighth of its Aveight of hydrogen to 
form water, *80 that the 0*44 grain of oxygen will convert *44 
8 = *055 of the hydrogen into water, without evolution of available 
heat, leaving only 0'005 available for the production of heat. The 
calorific value of the wood, therefore, Avould he represented by the sum of 
0*005 X 34,400 (= 172) and 0*5 x 8080 (-- 4040), Avhich would amount 
to 4212; or 1 grain of wood should raise 4212 grains of water from 
0“ C. to r C. 

These considerations lead to the following general formula for eahulai- 
ingthe ealorifie value of a fuel containing carbon,-hydrogen, and oxygen, 
where c, A, and o respectively represent the carbon, hydrogen, and oxygen 
in one grain of fuel. 

The calorific value (or number of grains of water which might he heated 
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by the fuel from 0® C. to F C.) ^ 8080 c + 34,400 (h - or 
8080 <5 + 34,400 h - 4300 o. 

The calorific value of a fuel, aa determined by experiment, is generally 
less than would be calculated from its chemical composition, in consequence 
of the absorption of a certain amount of heat attending the chemical 
decomposition of the fuel In the case of compounds of carbon and hydro¬ 
gen, it has been observed that even when they have the same composition 
in 100 parts, they have not of necessity the same calorific value, the latter 
being afiected by the difference in the arrangement of the component par¬ 
ticles of the compound, which causes a difference in the quantity of heat 
absorbed during its decomposition. Thus olefiant gas (CjHJ and cetylene 
have the same percentage composition, and their calculated calorific 
values would be identical, but the former is found to produce 11,858 units 
of heat, and the latter only 11,056. As a general rule, however, it is found 
that the calorific values of the hydrocarbons which contain a multiple of 
C’Hj, agree more nearly with the calculated numbers than do those of 
hydrocarbons which belong to the marsh-gas series. 

It must be remembered that the calorific value of a fuel represents the 
actual amount of heat which a given weight of it is capable of producing, 
and is quite independent of the manner in which the fuel is burnt. Thus, 
a himdredweight of coal will produce precisely the same amount of heat in 
an ordinary grate as in a wind-furnace, though in the former case the lire 
will scarcely be capable of melting copper, and in the latter it will melt 
steel. The difference resides in the temperature or calorific intensity of 
the two fires; in the wind-furnace, through which a rapid draught of air 
is maintained by a chimney, a much gi'eater weight of atmospheric oxygen 
is brought into contact with the fuel in a given time, so that, in that 
time, a greater weight of fuel will be consumed and more heat will be 
produced; hence the fire will have a higher temperature, for the teni- 
])erature represents, not the quantity of heat present in a given mass of 
matter, but the intensity, or extent to which that heat is accumulated at 
any particular point. In the case of the wind-furnace here cited, a further 
advantage is gained from tlio circumstance, that the rapid draught of air 
allows a given weight of fuel to be consumed in a smaller space, and, of 
course, the smaller the area over which a given quantity of heat is distri¬ 
buted, the higher the temperature within that area (as exemplified in the 
use of the common burning-glass). In some of the practical applications 
of fuel, such as heating steam-boilers and warming buildings, it is the 
caloriJiG value of the fuel which chiefly concerns us, but the case is different 
where metals are to be melted, or chemical changes to be brought about 
by the application of a very high temperature, for it is then the calorific 
intensity, or actual temperature of the burning mass, which has to be con¬ 
sidered. No trustworthy method has yet been devised for determining 
by direct experiment the calorific intensity of fuel, and it is therefore 
ascertained by calculation from the calorific value. 

Let it be required to calculate the calorific intensity, or actual tempera¬ 
ture, of carbon burning in pure oxygen gas. 

12 giuins of carbon combine with 32 grains of oxygen, producing 44 
"^grains of carbonic acid; hence 1 grain of carbon combines with 2*67 
grains of ojyfgdn'j producing 3*67 grains of carbonic acid. It has been 
seen above thal I -grain of carbon evolves 8080 units of heat, or is capable 
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of taiaing 8080 giftins of water from 0° to I** C., or, ori the suppoaition 
that the water Wipuld bear such an elevation of temperature, the 1 grain 
of carbon would raise 1 grain of water from 0° to 8080® C. If the apecific 
hmt (or heat required to raise 1 grain through 1®, see p. 421) of carbonic 
acid were the same as that of water, 8080® divided by 3*67 would repre¬ 
sent the temperature to which the 3*67 grains of carbonic acid would be 
raised, and therefore the temperature to which the solid carbon producing 
it would be raised in the act of combustion. But the specific heat of 
carbonic acid gas is only 0*2163, so that a given amount of heat would 
raise 1 grain of carbonic acid to nearly five times as high a temperature 
as that to which it would raise 1 grain of water. 

Dividing the 8080 units of heat (available for raising the temperature 
of the carbonic acid) by 0*2163, the quantity of heat required to raise 1 
grain of carbonic acid 1®, we oTitain 37,355 for the number of degrees 
tlxrough which 1 grain of carbonic acid might be raised by the combustion 
of 1 grain of carbon. But there are 3*67 grains of carbonic acid formed 
in the combustion, so that the above number of degrees must be divided 
by 3 67 in order to obtain the actual temperature of the carbonic acid at 
the instant of its production, that is, the temperature of the burning mass. 
I'he calorific intensity of carbon burning in pure oxygen is, therefore, 
(37,355° 0 . 4 - 3*67 = ) 10,178® C. or 18,352° F. But if the carbon be 
burnt in air, the temperature will be far lower, because the nitrogen of 
the air will absorb a part of the heat, to wliich it contributes nothing. 
The 2*67 grains of oxygen required to bum 1 grain of carbon would be 
mixed, in air, with 8 93 grains of nitrogen, so that the 8080 units of 
heat would be distributed over 3 67 ginins of carbonic acid and 8*93 
grains rf)f nitrogen. Since the specific heat of ciirbonic acid is 0 2163, 
the product of 3*67 x 0*2163 (or 0*794) represents the quantity of heat 
required to raise the 3*67 grains of carbonic acid from 0° to 1° C. 

The specific heat of nitrogen is 0*2438 ; hence 8*93 x 0*2438 (or 2*177) 
represents the quantity of heat i*equired to raise the 8*93 grains of atmo¬ 
spheric nitrogen from 0® to 1° C. 

Adding together these products, we find that 0*794 + 2*177 = 2*971 
represents the (piantity of heat required to raise both the nitrogen an«l 
carbonic acid from 0° to 1“ C. 

Dividing the 8080° by 2*971, we obtain 2720° C. (4928° F.) for the 
number of degrees through which these gases would be raised in the com¬ 
bustion, i.e., for the calorific intensity of carbon burning in air. By heat¬ 
ing the air Itefore it enters the furnace (as in the hot-blast iron furnace), 
of course the calorific intensity would be increased; thus if the air be 
introduced into the furnace at a temperature of 600° F., it might be stated, 
without serious error, that the temperature producible in the furnace 
would be 5528° F. (4928° + 600°). The temperature might be further 
increased by diminishing the ai-ea of combustion, as by employing very 
compact fuel and increasing the pressure of the blast 

In calculating the calorific intensity of hydrogen burning in air, from 
its calorific value, it must be»remembered that in the experimental deter¬ 
mination of the latter number, the steam produced in the combustion was 
condensed to the liquid form, so that its latent heat was added to the 
number representing the cal(»rific value of the hydrogen; but the latent 
heat of the steam must be deducted in calculating the calorific intensity, 
because the steain goes off from the burning mass and carries its latent 
lioat with it. 
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1 grain of hydrogen, burning in air, combines with 8 grains of oxygen, 
producing 9 grains of steam, leaving 26*77 grains of atmospheric nitrogen, 
and evolving 34,400 units of heat. 

It has been experimentally determined that the latent heat of steam is 
537” C., that is, 1 grain of water, in becoming steam, absorbs 537 units 
of heat (or as much heat as would raise 537 grains of water from 0” to 1” 
C.) without rising in temperature as indicated by the thermometer. The 
9 grains of water produced by the combustion of 1 grain of hydrogen wiE 
absorb, or render latent, 537 x 9 = 4833 units of heat. Deducting this 
quantity from the 34,400 units evolved in the combustion of 1 grain of 
hydrogen, there remain 29,567 units of heat available for raising the tem¬ 
perature of the 9 grains of steam and 26*77 grains of atmo8})heric nitrogen. 
The specific heat of steam being 0*480, the number (0*480 x 9 = ) 4*32 
represents the quantity of heat required to raise the 9 grains of steam 
through 1° C.; and the specific lieat of nitrogen (0*2438) multiplied by 
its weight (26*77 grains), gives 6*53 imits of heat required to raise the 
26*77 grains of nitrogen through 1° C. By dividing the available heat 
(29,567 units) by the joint quantities required to raise the steam and nitro¬ 
gen through 1” G. (4*33 + 6*53= 10*85), we obtain the number 2725® C. 
(4937° F.) for the calorific intensity of hydrogen burning in air. 


The method of calculating the calorific intensity of a fuel composed of carbon, 
hydrogen, and oxygen, will now bo easily followed. 

Let c and h respectively represent the weights of carbon and hydrogen in 1 gr. 


of fuel, and o that of the ox}'geu. Then ~ = weiglit of hydrogen required to convert 

o 

the oxygen into water, and A - - represents the hydrogen which is available for the 

o . 


production of heat. 


8080 c + 34,400 




represents the 


calorific value in “C., = 8080 c + 34,400 A - 4300 c. 

2*67 c = atmospheric oxygen consumed by the carbon ; 

8 (a - or 8 A - 0 = atmosiiheric oxygen consumed by the hydrogen available 


as fuel. 

3*34 (2*67c + 8 A - o) = atmospheric nitrogen = 8*92c + 26’72h - 3*34 o. 

Multiplying this by the specific heat of nitrogen 0 ‘2438, we obtain— 

2*17 c + 6*51 A - 0*81 0 for the heat required to raise the nitrogen through 1® C. 

0*794 c represents the quantity of heat refinired to raise the carbonic acid through 
1® C., and 4*82 A is the heat required to raise the steam through 1®. Accordingly, 
the available heat, 8080c + 34,400 A - 4300o, must be divided by 0*794c -f- 4*82A 
+ (2*17 c + 6*61 A - 0*81 o), or 2*96 c + 10*83 A - 0*81 o in order to obtain the 
calorific intensity. 

Hence, the calorific intensity, in centigrade degrees, of a fuel composed of carbon, 
hydrogen, and oxygen, is represented by the formula— 


8080 c + 84,400 A - 4300 o 
2*96 c + 10*83 A - 6*81 o. 


The actual calorific intensity of the fuel is not so high as it should be 
according to theory, because a part of the carbon and hydrogen is con¬ 
verted into gas by destructive distillation of the fuel, and this gas is not 
actually burnt iti the fire, so that its calorific intensity is not added to 
that of ti)<id>unung solid mass. Again,'a portion of the carbon is con- 
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verted into carbonic oxide (CO), especially if the supply of air be imperfect, 
and much less heat is produced than if the carl^n were converted into 
carbonic acid; although it is true that this carbonic oxide may be con* 
sumed above the fire by supplying air to it, the heat thus produced does 
not increase the calorific intensity or temperature of the fire itself. 

One grain of carbon furnishes 2*33 grains of carbonic oxide. These 2*33 
grains of carbonic oxide evolve, in their combustion, 5599 units of heat. 
But if the 1 grain of carbon had been converted at once into carbonic 
acid, it would have evolved 8080 units of heat, so that 8080 - 5599, or 
2481, represents the heat evolved during the conversion of 1 grain of 
carbon into carbonic oxide, showing that a considerable loss of heat in the 
fire is caused by an imperfect supply of air. It has been already pointed 
out, in the section relating to Coal, that the formation of carbonic oxide is 
sometimes encouraged with, a view to the production of a flame from non¬ 
flaming coal, such as anthracite. 

The following table exhibits the average percentage composition of the 
principal varieties of fuel (exclusive of ash), together with their calculated 
calorific values and intensities. 



Carbon. 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 

Cttloriflc 

Value^Intensily. 

Wood (Oak), 

50-18 

6-08 

43-74 



4212'C. 

2380'-C 

Peat, .... 

61-63 

5-64 

32-82 



5654 

2547 

Lignite (Bovey), 

6;-S6 

5-75 

23-39 

0-57 

2-41 

6569 

2628 

BituTuinous coal, 

79-88 

5-34 

13-01 

1-85 

0-39 

7544 

2694 

Charcoal,. . . 

90-44 

2-91 

6-63 


• •• 

8003 

2760 

Anthracite, . . 

91-86 

8-33 

3-02 

0-84 

0-92 

8337 

2779 

• 








Coke, .... 

97-32 

0-49 


2-17 


8009 

2761 


In all ordinary fires and furnaces, a lai^e amount of heat is wasted in 
the current of heated products of combustion escaping from the chimney. 
Of course, a portion of this heat is necessary in order to produce the 
draught of the chimney. In boiler furnaces it is found that, for this pur¬ 
pose, the temperature of the air escaping from the chimney must not be 
lower than from 500'’ to 600'’ F. If the fuel could be consumed by sup¬ 
plying only BO much air as contains the requisite quantity of oxygen, a 
great saving might be effected, but in practice, about twice the calculated 
quantity of air must be supplied, in order to effect the removal of the 
products of coipbustion with sufficient rapidity. 

Much economy of fuel may bo expected from the use of furnaces con¬ 
structed on the principle of Siemens’ regenerative furnace, in which the 
waste heat of the products of combustion is .absorbed by a quantity of 
fire-bricks, and employed to heat the air before it enters the furnace, two 
chambers of fire-bricks doing^iuty alternately, for absorbing the heat from 
the issnin g gas, and for imparting heat to the entering air, the current 
being reversed by a valve as soon as the fire-bricks are strongly heated. 

(For the principles of smoke prevention, and other particulars of the 
chemistry of fuel, see Coal.) 
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314. Although it is impossible to propose a dehnitiou of the term 
organic substance which shall not be applicable to some of the substances 
commonly regarded as inorganic, it is found advantageous for the purposes 
of study to treat organic chemistry as a separate division of the science, 
dealing especially with those substances which are usually obtained, 
either directly or indirectly, from animals and vegetables. 

One very important distinction between organic and inorganic substances 
is, that the former are for the most part composed of carbon, hydrogen, 
nitrogen, and oxygen, in diflerent proportions and in various modes of 
arrangement, and that they are, therefore, much more frequently con¬ 
vertible into each other by metamorphosis, without extraneous addition 
of matter, than inorganic substances are. 

It has been already pointed out that the chemist is gradually 
hsarning to produce, though by somewhat clumsy and circuitous processes, 
many of the substances which were formerly believed incapable of being 
formed, except through the intervention of life; but no substance possess¬ 
ing an organised structure, such as woody fibre or muscular fibre, and no 
absolutely indispensable organic constituent of animal or vegetable frames, 
has yet been artificially procured. 

It will not escape notice that the four elements which compose the 
greater number of organic substances, viz., hydrogen, oxygen, nitrogen, 
and carbon, are, respectively, monatomic, diatomic, triatomic, and tetra- 
tomic elements (p. 158), and are, therefore, capable of foming a greater 
variety of compounds than w ould be the case if they were elements of 
equal atomicities. 

In the following iwiges, no strictly scientific classification of organic 
substances has been adopted, since it would often render it necessary to 
describe, in separate sections, substances which are, in nature, closely con¬ 
nected with each other, but an empirical arrangen^ni has been followed, 
so that the reader may find his memory a-ssisted and the,, interest of the 
subject sustained, by being enabled to bring the facts and explanations 
into immediate connection with familiar processes of ordinary life.* 

One of the most conspicuous substances standing upon the boundary 
between organic and inorganic chemistry is the compound of carbon and 
nitrogen known as cyanogen, which is intimstely connected with inorganic 
substances through some of the processes for its production, and through 
its similarity to the chlorine group of elements, whilst the origin and 

* The number of organic subBtonces known to the chemist is so great that a mere list of . 
^ them would occupy a volume. In the present work a selection has been made of those 
*^^'wUlch are interesting.for their practical applications or instructive from theoretical con¬ 
siderations. 
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clieraical properties of a large number of its compounds give them a ctaiin 
to be ranked among organic substances. The study of this sulwtant^, 
therefore, will form a fit introduction to organic chemistry. 

CYAKOGEif AND ITS COMPOUNDS. 

315. In the beginning of the last century, a manufacturer of colours at’ 
Berlin accidentally obtained a blue powder when precipitating sulphate of 
iron with potash. This substance was used as a colour, under the name 
of Prussian him, for several years, before any explanation of its production 
was attempted, or even before the conditions under which it was formed 
were exactly determined. In 1724 it was shown that Prussian blue could 
be prepared by calcining dried animal matters with carbonate of potash, 
and mixing the aqueous solution of the calcined mass, first with sulphate 
of iron and afterwards with hydrochloric acid j but the most important step 
towards the determination of its composition was made by Macquer, who 
found that by boiling it with an alkali, Prussian blue was decomposed, 
yielding a residue of red oxide of iron, and a solution which reproduced 
the blue when mixed with a salt of iron, from which he inferred that the 
colour was a compound of the oxide of, iron with an acid for which the 
alkali had a more powerful attraction,—a belief confirmed, in 1782, by 
Scheele’s observations, that when «n alkaline solution prepared for mak¬ 
ing the blue was exposed to the air, or to the action of carbonic acid, it 
lost the power of furnishing the colour, but the escaping vapour struck a 
blue on paper impregnated with oxide of iron. Scheele also prepared this 
acid in a pure state, and it soon after obtained the name oiprussic acid. 

In 1787 Berthollet found prussic acid to be composed of carbon, 
hydrogen, and nitrogen, but he also showed that the power of the alka¬ 
line liquor to produce Prussian blue depended upon the jwesence of a 
yellow salt crystallising in octahedra, and containing prussic acid, potash, 
and oxide of iron, though the latter was so intimately bound up with the 
other constituents, that it could not be separated by those substances 
which are usually employed to precipitate iron. 

Porrett, in 1814, applying the greatly increased rasources of chemistry 
to the investigation of this subject, decomposed Pmssian blue with baryta, 
and subsequently removed the baryta from the salt thus obtained by 
means of sulphuric acid, when he obtained a solution of the acid, which 
he named f&rruretted chyazic acid. 

In 1815, Gay-Lussac, having boiled Prussian blue (or prussiate of iron, 
as it was then called) with red oxide of mercury and water, and crystal¬ 
lised the so-called prussiate of mercury, exposed it, in the dry state, to the 
action of hea^ and obtained a gas, having the composition CN, which 
was called cyanwgen,* in allusion to its connection with Prussian blue. It 
was then seen that Ibe substance which had been called ferruretted chyazic 
acid contained iron and the elements of cyanogen, whence it was called 
fsn'ocyanic acid, and its salts were spoken of as ferrocyanates. liobiquet 
first obtained this acid in the crystallised state, having the composition 
CgH^NgFe; and since it was found that, when brought in contact with 
metaUie oxides, it exchanged the for an equivalent quantity of the 
metal, according to the equation— 

H,.C^eFe + 2M"0 = M,".C,N^e + 2H,0, 

• Prom icv&ytw, bine. ^ 
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it was concluded that the C,NgFe composed a distinct group or radical, 
which was named f&nocyamgm, the acid being called hydroferrocyanic 
add, and the salts ferroeyanideB. 

316. Prmniate of potash. —The yellow prussiate of potash or ferro- 
cyanide of potassium is manufactured upon a large scale 

by a process which is the more interesting because it turns to account 
' some of the commonest kinds of refuse, such as old leather, hoof parings, 
blood, and, in short, any animal matter rich in nitrogen, and not appli¬ 
cable to any more economical purpose. Sometimes these substances are 
first subjected to destructive distillation for the carbonate of ammonia 
which they are capable of yielding, and the residual highly nitrogenised 
charcoal is then used for the production of the ferrocyanide of potassium. 
Such matters are fused in an iron vessel with carbonate of potash and iron 
filings, and the fused mass is heated with water in open boilers, when a 
yellow solution is obtained, which, after evaporation, deposits truncated 
pyramidal crystals of ferrocyanide of potassium^^ containing 3 molecules 
of water. 

The theory of this process has been elucidated by the researches of 
Liebig. If carbonate of potash be strongly heated in contact with 
pure carbon, there result (page 2.59) carbonic oxide and potassium, 
KgO.COg + Cj= 3CO + Kj; but if the carbon be associated with nitrogen, 
the reduction will be effected at a much lower temperature, and the potas¬ 
sium will combine with an atom of carbon and an atom of nitrogen, to 
form the cyanide of potassium (KCJSf). When this salt, dissolved in 
water, is heated with metallic iron in the presence of air, oxygen is 
absorbed, and the iron dissolved to form ferrocyanide of potassium— 

6KCK + Fe + 0 = + K,0. 


The oxygen may also be acquired from the water, an equivalent quantity 
of hydrogen being evolved. 

Pi'ussian blue. —For the preparation of Prussian blue it is usual to 
mix solutions of ferrocyanide of potassium and iiersulphate of iron, when 
the blue is precipitated, having been produced according to the equation— 


3K,Fcy + 2 (FeA. 3 S 03 ) = HKfi.SO,) + Fe.Fcy^, 


in which the symbol Fey represents the group CgNgFe (ferrocyanogen), 
which is capable of playing the same part in many decompositions as if 
it were an elementary substance. This compound radical has never yet 
been obtained in the separate state, but it can be traced through a com¬ 
plete series of compounds, in which it exactly resembles chlorine in its 
chemical relations j thus the hydroferrocyanic acid (H^Fcy), and the fer- 
rocyanides of the metals, are perfectly analogous to hydrochloric acid and 
the chlorides, though containing a compound radical instead of a simple 
one; but whereas chlorine is a monatomic radical, combining only with 1 
atom of hydrogen, ferrocyanogen is tetratomic; and hence Prussian blue, 
the sesquif&rocyanide of iron, has the composition Fe/Tcyg", whilst the 
sesquichloride is Fe/'^Cy. When Prussian blue is prepared by pouring 
. solution of persulphate of iron into an excess of ferrocyanide of potassium, 
it is found that, as soon as the excess of the latter has been washed away, 
^the precipitate dissolves in pure water, forming what is used by dyers 
' tinder the name of &duhle Prussian him. Oxalic acid is capable of dis- 
; solviug the bli«e, and this solution forms the basis of ordinary blue ink. 
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Prussian blue is sometimes prepared with the green protosulphate of 
iron (FeO.SO^), but in that case it is necessary to expose the preciptate 
for some time to the air, since the first result is a nearly white precipitate 
which may be r^arded as ar double ferrocyanide of iron and potassium 
(K,rcy,Fe^cy). ^ 

2(K4Fcy) + 2(FeO.SOj) = 2(K^O.SO,) + K^rcy.Fe,Fcy. 

When this precipitate is exposed to the air, it gradually acquires a dark-blue 
colour, becoming eventually converted into Prussian blue by oxidation— 

3(K4Fcy.FeaFcy) + Oj = SK^Fcy + Fe^Og + Fe^Fcy,. 

Prussian blue is easily decomposed by alkalies, a brown residue of ses- 
quioxide of iron being left^ Fe^Fcy, a- 12KHO = 3K^Fcy + 2FejOj + 6HjO. 
This decomposition is turned to account by the calico-printer for pro¬ 
ducing a buff or white pattern upon a blue ground. The stuff having 
been dyed blue by passing, first tluough a solution of a per-salt of iron, 
and afterwards tlirough one of ferrocyanide of potassium, the pattern is 
discharged by an alkali, which leaves the brown peroxide of iron capable 
of being removed by a dilute acid, when the stuff has been rinsed, so as to 
leave the design white. 

Hydroferrocyanic acid .—By decomposing a cold saturated solution of 
the ferrocyanide of potassium with about an equal volume of hydrochloric 
acid, colourless crystals of hydroferrocyanic acid (H^Fcy) are obtained, 
which are insoluble in hydrochloric acid, but readily soluble in water. 
When a solution of this acid is heated, it evolves hydrocyanic acid (HCN), 
and deposits a white precipitate of cyanide of iron Fe(C]Sr)j which be¬ 
comes blue on exposure to the air, being converted into Prussian blue; 
the simplest way of explaining this, as well as many other decompositions 
of hydroferrocyanic acid and the ferrocyanides, is to view the radical 
ferrocyanogen as formed by the union of six molecules of cyanogen (CN) 
and one atom of iron, when hydroferrocyanic acid becomes H 4 .CyjFe, and 
Prussian blue Fe^.SCyjFe.* 

The decomposition of the hydroferrocyanic acid by heat would then be 
represented by the equation— 

H 4 .Cy«Fe = 4HCy + FeCy,, 

Hydroferrocyanic Hydn>cya«ic Protocyanido 
acid. acid. of iron. 


and the formation of Prussian blue from this last compound on exposure 
to air— 

OFeCyj + Og = Fe4.3Cygre + FcgOg, 

Pnisaian blue. 

Hydrocyanic or prussic acid .—^Advantage is taken of the decomposition 
of the ferrocyanide of potassium by acids, in the preparation of solution 
of hydrocyanic acid for medicinal use. For this purpose, 2 parts of the 
ferrocyanide of potassium in powder are distilled with 1 j parts of oil of 
vitriol dfiuted with 2 parts of water, tlie vapour of hydrocyanic acid 
being carefully condensed (see fig. 47). The change is represented by 
the equation— 


2K4(CyeFe) + 3(HgO.SOg) = 

FerrecyMiide of 
potualnm. 


3(KgO.SOj) + K,Fe(CygFe) + 6HCy. 

Ferrocyanide of Hydrocyanic 
Iron aud potaatlnm. add. 


* Since Oy* is raonatomic, Cy/Fo" should he tetratomic, 

2 x 
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There is left in the retort a pale greenish salt, which rapidly becomes blue 
when exposed to the air, and is probably identical with the double fetr^ 
cyanide of potassium and iron product when protosulphate of iron is 
decomposed by ferrocyanide of potassium (p» 433). 

The solution of hydrocyanic acid thus obtamed is colourless^ and 
.exhales the remarkable odour of the acid; its aci(f characters are very 
feeble indeed, oven more so than those of carbonic acid, but it is extremely 
poisonous, a very small dose destroying life almost immadiately. Hydro¬ 
cyanic acid is found in laurel-water, and iu water distilled from the kernels 
of many stone-fruits, suchnsiihe peach, apricot, and plum. In minute doses 
hydrocyanic acid is a very valuable remedy, and is employed in medicine 
in solutions of different strengths. One of these, which is known as the 
acid of the London Pharmacopoeia, contains 2 per cent, of hydrocyanic 
acid, and is prepared by the process mentioned above. ScimU’s acid 
varies in strength, but usually contains between 4 and 5 per cent, of true 
hydrocyanic acid. This acid is prepared from Prussian blue, by the 
process originally employed by Scheele when the acid was discovered. 
It consists in boiling Prussian blue with water and red oxide of mercury, 
until the blue colour disappears; peroxide of iron is separated, and 
cyanide of mercury (HgCy*) passes into solution j the latter is filtered, 
mixed with diluted sulphuric acid, and shaken with iron-filings, which 
precipitate the mercury in the metallic state, leaving free hydrocyanic 
acid in the liquid, which is then distilled— 

HgCya + Fe + HASO 3 = 2HCy -t- FeO.SO, -h Hg. 

In order clearly to understand this process, it must be known that the 
mercury exhibits a special tendency to combine with cyanogen, which is 
sufficiently powerful, in this instance, to bring about the decomposition 
of the ferrocyanogen existing in the Prussian blue, a part of the cyanogen 
being exchanged for the oxygen of the oxide of mercury. 

It is from the cyanide of mercury that the pure anhydrous hydrocyanic 
acid and cyanogen itself are prepared. For these purposesjit may be 
obtained by dissolving the red oxide of mercury in hydrocyanic acid, 
when a doable decomposition takes .place, exactly as with hydrochloric 
acid, HgO + 2HCy = HgCyj + HjO, and the cyanide of mercuiy is 
obtained in square prismatic crystds on evaporating the solution. If 
these crystals bo dried and gently warmed with strong hydrochloric 
acid, chloride of mercuiy will be formed, and hydrocyanic acid evolved, 
HgCy, -I- 2HC1 = HgClj + 2HCy. The mixed vapours of hydrochloric and 
hydrocyanic acid are passed over fragments of marble (CaO.CO,), which 
absorb the hydrochloric acid (CaO.CO, + 2HC1 « CaCl, + H,0 + CO,), 
but not the hydrocyanic, since the latter is too weak an acid even to 
displace carbonic acid The mixture of hydrocyanic and carbonic acids 
is p(^d over chloride of calcium to remove aqueous vapour, and after¬ 
wards through a tube cooled in a mixture of ice wd salt, v<^hen the 
hydrocyanic acid is condensed to a colourless liquid,i^ch evaporates so 
rapidly when exposed to the air that it lowers the temperature to the 
freezing point of the acid, which is about 0° F.; at a flttle above the 
ordinary temperature {79° F.) it boils, and emits a vapour which bums 
wit h a blue jbane. When kept for some time it is liable to under^ a 

evolving ammonia, and being converted into 
a^^wn i^ass of uiweitain composition. The aqueous soluticm of the 
acid suffers a^ 6 t||)ilar change, and since exposure to light favours the 
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decomposition, the medicinal acid is usually in bottles covered with 
papOT. The presence of a very sm^ quantity of sulphuric acid prevents 
this change, and hence the acid prepared % distilling fetrocyanide of 
potassium with sulphuric acid, which usually contains ti^s of the latter, 
can be pre^rved much better than that prepared by other methods. 

• 

When hydriodic acid gas is passed into anhydrous hydrocyanic acid cooled by ice, 
a crystalline body is formed, which has the composition HCN.HI. It is r^ily 
solnole in water and'dcohol, but not iu ether, and may be sublimed with little decom¬ 
position. This substance is not acid, and does not answer to the tests for hydrocyanic 
acid. When decomposed by potash, it gives ammonia, formiate of potash, and io^ds 
of potassium, so that it may be re^rdra as the hydriodate of an ammonia formed 
by the substitution of one molecule of the triatomic radical fermyle (CH) for the 
three atoms of hydrogen ; or hydriodate of formylaniine N(CH)"'.H1. 

317. Cyanogen itself (CN) can be prepared by the mere action of heat 
upon the cyanide of mercury (in a test-tube provided with a glass jet for 
burning the gas, fig. 283). This salt resolves itself into metallic mercury 
cyanogen, and a brown substance which has been 
called jKiracyanogen (CgNg), and appears to have 
been formed by the union of three molecules 
of cyanogen. Cyanogen gas is easily distin¬ 
guished fi*om all others by its peculiar odour and 
its property oi burning with a fine peach-coloured 
flame. Being nearly twice as heavy as air (sp. gr. 

1*8), it may Ikj collected by downward displace¬ 
ment, for water dissolves about four times its 
volume of the gas, yielding a solution which is 
prone to undergo a spontaneous decomposition 
remarkable for the comparatively complex pro¬ 
ducts which it furnishes, amongst which we trace 
the oxalate (NH 4 )gCg 04 and formiate (KH^CHOj) of ammonia, and urea 
(CH 4 NO), all derived, be it remembered, from the elements of cyanogen 
and water. In its chemical relations, cyanogen presents a striking resem¬ 
blance to chlorine. Thus, at a slightly elevated temperature, potassium 
and sodium take fire in it, forming the cyanides of those metals, precisely 
as the chlorides would be formed. Again, when cyanogen is absorbed 
by a solution of potash, the cyanide of pot^ium and cyanate of potash 
are formed— 



Fig. 283. 


2KHO Cy, = KCyO KCy H,0, 

Cyanato of Cyanide of 
potash. potasatuin. 

just as the chloride of potassium and hypochlorite of potash result from 
the action of clilorine upon potash, 2KHO + Cl, = KCIO •+• KCl +JS,0. 
A pressure of about 4 atmospheres is required to liquefy cyanogen, when 
it forms a colourless liquid of sp. gr. 0*87, freezing to a crystalline mass 
at - 30“ F. • 

Cyanide gf^^tamysn .—The most useful of the cyanides is the cyanide 
of pSassium, which is extensively employed in electro-plating and gilding, 
This salt may be formed by a very interesting process, which is one of 
iihe few in which the atmospheric nitrogen tekes part, and consists in 
passing air over red-hot charcoal which has been previously soaked in a 
strong solution of carbonate of potash and dried, when the nitrogen requi- 
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site for the formation of the cyanide is absorbed from the air, and carbonic 
oxide is disengaged— 

KjO.COj + C 4 + N, = 2KCN {.CytmUk efpotat^m) + SCO . 

It is probably by a similar change that the cyanide of potassium is pro- 
•duced in the blast-furnaces (page 302) in which iron ores are reduced, 
the potash being derived from the ash of the fuel. The cyanide is always 
prepared for use from the ferrocyanide, which is resolved by a very high 
temperature into cyanide of potassium and carbide of iron, with evolution ^ 
of nitrogen. 

K.Cy.Fe + FeC. + N,. 

In order to avoid the loss of the two molecules of cyanogen, it is usual 
to fuse the ferrocyanide with carbonate of potash in the proportion of 3 
parts of the dry carbonate to 7 parts of the dried ferrocyanide; the mixture 
is fused in a covered earthen crucible, and occasionally stirred until gas 
ceases to be evolved; the crucible is then removed from the fire, allowed 
to stand for a minute or two that the metallic iron may subside, and the 
clear fused cyanide poured out on to a stone. The change involved in 
this process is represented by the following equation— 

K^Cy^^e + Kp.CO, - 6KCy + KCyO -h Fe + CO,, 

Cysnate of potash. 

whence it will be seen that the commercial cyanide of potassium is con¬ 
taminated with cyanate of potash. It also contains a considerable quan¬ 
tity of carbonate of potash, so that the proportion of cyanide is often only 
60 per cent. The white porcelain-like masses of cyanide of potassium 
deliquesce when exposed to the air, and emit the odour of hydrocyanic acid 
as well as that of ammonia; the former is disengaged from the cyanide by 
the action of the atmospheric carbonic acid, whilst the ammoniacal odour 
is due to the carbonate of ammonia produced by the action of moisture 
upon the cyanate of potash— 

2KCm + 4H,0 KjO.CO, (]SrH 4 ),O.CO,. 

Cyanate of potaah. 

Pure cyanide of potassium is deposited in colourless cubical crystals 
when vapour of hydrocyanic acid is passed into an aljcoholic solution of 
potash, or it may be obtained by boiling the commercial cyanide with 
alcohol and filtering while hot, when the cyanide crystallises out as the 
solution cools. 

The use of cyanide of potassium in electro-plating and gilding depends 
upon the power of a solution of the salt to dissolve the cyanides of gold 
and silver, forming compounds which are easily decomposed by the gal- 
van^ current, with deposition of metallic gold or silver upon any object 
captmle of conducting the current, which may be attached to the negative 
pole (p. 361). Solution of cyanide of potassium is also able to dissolve 
metallic silver and sulphide of silver, which is taken advantage of in 
removing photographic stains from the hands, and in cleaning silver or 
gold lace. 

At a hi^ temperature, cyanide of potassium is a very powerful reducing 
agent, ab^acting an atom of oxygen from most of the metallic oxides, 
sq as to liberate the metals, bmng itself converted into cyanate of 
jf>e^h. Thus, when the binosIde of tin is fused with cyanide of potas> 
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situn, SnO| 4- 2KCy = Sn + 2K.CyO. This property of ihe cyanide is 
often applied in chemical experiments. The cyanate of potash is readily 
distmguished by the peculiar pungent odour of cyanic acid, which it emits 
when treated with dilute sulphuric acid, though the greater part of the 
cyanic acid is decomposed with effervescence, yielding sidphate of ammonia 
and carbonic acid— 

• 

2KCNO + 2(Hj 0.S03) + 2HP = Kp.SO, + (NHJ^O.SO^ + 200,. 

When fused cyanate of potash is triturated with dried oxalic acid, and 
the mass treated with water, a white insoluble substance is left, which has 
been called cywnwluie, and has the composition CHNO, being rmtameric 
with hydrated cyanic acid, HCNO; when this substance is distilled, 
hydrated cyanic acid passes over as a colourless liquid, which can only be 
preserved at a very low temperature, for if the receiver containing it be 
removed from the freezing mixture employed to condense the cyanic acid, 
the latter becomes hot and turbid, soon begins to boil violently, and is 
converted into a white mass of cyamelide resembling porcelain. 

Cyanide of potassium when fused with sulphur, forms a compound cor¬ 
responding to cyanate of potasli, but containing sulphur in place of 
oxygen, and having the formula KCyS, which is commonly spoken of as 
mlphocyanide of jwtassium, being represented as containing a compound 
radical, auIjjJiocyamgen CyS = Scy. The sulphocyanide of pot^um 
is generally prepared by fusing 3 parts of dried ferrocyanide of potas¬ 
sium and 1 part of carbonate of pot^h (the materials for making cyanide 
of potassium) with 2 parts of sulphur, in a covered crucible. By washing ’ 
the cooled mass with boiling water, the sulphocyanide is extr^ted, and 
may be obtained by evaporating the solution, in prismatic crystals 
resembling nitre. By decomposing the sulphocyanide of potassium with 
acetate of lead, the sidphocyanide of lead (Pb(CyS),) is obtained, and 
this, when acted upon with sulphuretted hydrogen, yields sulphide of 
lead and hydrosulphocyanic acid, HCyS, the latter being a colourless / 
oily liquid which may be crystallised by cold. This acid is remarkable 
for the dark red colour (due to sulphocyanide of iron) which it gives with 
the per-salts of iron, for which sulphocyanide of potassium is frequently 
employed as a test. A very delicate test (Liebigs test) for hydrocyanic 
acid, in cases of poisoning, is also founded upon that circumstance, for if a ■ 
watch-glass moistened with yellow sulphide of ammonium (p. 271) be 
exposed to the action of vapour of hydrocyanic acid, the latter is absorbed 
and converted into sulphocyanide of ammonium— 

(NH,),8 + S, + 2HCy 2NH,CyS + H,S, 

YeJloir snlpUbte Snlphocyonlde 

• of ammonium. of ammonium. 

by applying a gentle heat to the watch-glass, any excess of sulphide of ■ 
ammonium is volatilised, and a drop of percldoride of iron will then pve - 
the blood-red colour with the sulphocyanide, 

318. Ferricyani de of po tassium, —-When chlorine is passed into a solu¬ 
tion of ferrocy*iSffro?^polSafl^ liquid assu^ a brown colour, and, 
when evaporated, deposits beautiful red rhombic'^sms, which are found, 
on analysis, to have the composition K^CyeFe, having been formed from 
the ferrocyanide according to the equation— 

K.Cy.Fe + Cl = K.Cy.Fe'S'jaSi + KO. 
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Tiiis salt is known as red prussiate of potmh, or fenicyanide of pot^ 
sinm, and is used in dyeing j for if a piece of stuff be heated in a solution 
of the ferricyanide acidulated with acetic add, a blue compound similar to 
Prussian blue is deposited in the fibre. 

Ferricyanide of potassium is also employed for the preparation of Tum- 
hulVe him (ferricyanide of iron), which is precipitated when a solution of 
ibhat salt is mixed with one of sulphate of iron. 

3 (Fe 0 .S 03 ) + 2K3(Cy,re) = 3 (K 30 .S 03 ) + Fe,(Cy,re).. 

FeiTicjraiilde Ferricyanide 

of potasBliun. of min. 


In calico-printing, a mixture of the fenicyanide of potassium with potash 
is employed as a discharge for indigo, such a mixture acting as a powerful 
bleacUng agent, in consequence of its tendency to impai't oxygen to any 
substance in need of that element, the fenicyanide being converted into 
the fenocyanide j thus— 

2K,(Cy.Fe) + 3KH0 = 2K.(Cy/o) + 0 + 11.0. 

The fenicyanide of potassium is assumed to contain a compound radical 
ferricyanogen (Cy^Fc), which differs from ferrocyanogen in containing 
^triatomic iron Fe"', instead of diatomic iron, Fe\ The formula Cyg'Fe'" 
shows that this radical must be triatomic, and not tetratomic like CyfEef'. 
The hydroferricyanie acid (HgCy^Fe) can be obtained in a crystallised 
state, and many of the concsponding ferricyanides have been examined. 

Fenocyanogen and ferricyanogen are not the only compound radicals of 
this description; there are cobalt icyanogen (Cy^Co), winganicyanogen 
(CygMn), ehromicyanogen (CygCr), plativocyanogen (CygPt), palla^io- 
eyanogen (CygPd), and iridimyamgm (Cyglr), but none of these have 
received any useful applications. The platinocyanides are remarkable for 
their brilliant colours. 

319. Chlorides of cyanogen .—When moist cyanide of mercury is shaken 
up in a bottle of chlorine gas, and sot aside for some time in ff*daTk place, 
the yellow colour of the chlorine disappears, and the bottle is filled with 
a colourless gas having a remarkably pungent and tear-exciting odour; this 
is the gaseous chloride of cyanogen (CyCl); HgCyj + Clg = HgClg + 2CyCl. 
If light have access during tWs experiment, an oily liquid chloride of 
cyanogen, Cy^Clg, is produced. 

The chloride of cyanogen gas may be h’quefied by a pressure of four 
atmospheres, and if the liquid is kept for some days in a seeded tube, it is 
converted into a white mass of solid chloride of cyanogen, CygClg. When 
this is acted on by water, it yields cyanuric acid, HgCyjOg, according to 
the equation CygCl, -i- SHjO = 3HC1 + HgCygO,. This acid is very 
interesting on account of its polymeric relation to cyanic acid (HCyO), 
which may be obtained from it by distillation.* It is a tribasic acid, and 
forms, like tribasic phosphoric acid (p. 233), three series of salts, having 
the foimulse, respectively, M'CygOg, Mj'HCygOg, M'HjCyjOj. 

The cyanide of phosphorus, PCy„ has been sublimed in tebular crystals 
from a mixture of cyanide of silver and terchloride of phosphorus heated 
in k sealed tube to 280° F. for some hours, and afterwards distUled in 
a current of dry c^icbonic acid. Cyanide of phosphorus inflames at a very 
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low tompezatuie, asid is decomposed hy water, yielding cyanic and phos- 
phoroos acids. 

820. NUrojpt8Sides.~--'yf\im femx^oiude of potassium is boiled with dilute idtrie 
acid, a point is attained at which the solution ^ves a slate-coloured pirecipitate with 
a per-salt of iron; if it be then boiled with an excess of carbonate of sooa, filtered 
and evaporated, it deposits mby-red prismatic crystals of nUroprmside of aadiwm, 
(Na^CyjpNiOtFeg.lAq,.), from which the nitroprussides of other metals may be 
obtuued. 

The hydronitropnmie add (H 4 CyioN 20 ,Fe,. 2 Aq,) has also been prepared and 
crystallised. 

The nitroprussides were found by Hadow to be formed from a double mole¬ 
cule of the ferricyanides by the exchange of two molecules of cyanogen for a 
molecule of nitrons acid (NjO,), and the simultaneous removal oT two atoms of the 
metal.with which the ferriuyani^n was combined. Thus the double molecule of 
ferricyanide of potassium, Kg.Cyi,Fe|, becomes nitroprusside of potassium, E 4 , 
CyjQNjOsFe,, when boiled with nitric acid, other products being formed at the same 
time by the oxidising action of the nitric acid. 

Bas^ upon this view of its constitution, a moi-e certain and economical process 
for the production of nitroprusside of sodium was devised by Hadow, which consists 
in acting upon the ferricyanide of potassinm with nitrite of soda, acetic acid, and 
bichloriw of mercury (corrosive sublimate), when tbe mercury removes two molecules 
of cyanogen, and the chlorine two atoms of potassium, the nitrous acid of the nitrite 
of soda entering into the residue of the ferricyanide, and converting it into nitro- 
pmsside of potassium, which, by double deconij^sition with the acetate of soda, yields 
acetate of potash and nitroprusside of sodium. The cyanide of mercury crystallises 
out iBrst, and the nitroprusside of sodium may be obtained in crystals from the 
ev^rat^ solution. 

l^e more recent researches of Stiidclcr have still further simplified the coustitutiou 
of the nitroprussides. By the action of cyanide of potassium upon ferrous sulp^te, 
he obtained an orange precipitate comjwsed of KFe,"Cy„ in which two atoms of 
diatomic iron have replaced four atoms of monatomic potassium in five molecules of 
the cyanide; 5KCy + 2 Fe"S 04 = 2 K,S 04 + KFej,"Cy,. 

WW this precipitate was treated with nitrite of potash, it furnished nitroprusside 
of potassium; K'Fe/Cy,' -I- KNO* = Kj'Fe"(NO)'Cy. + FeO. 

According to this, the hypothetical radical of the nitroprussides would contain 
Cy,(NO)'Fe, representing ferricyanogen CyeFe" in which (NO)' has replaced Cy'. 
The monatomic character of the NO is shown in the nitrite of potash KNO. or 
K'(N0)'0". It will be observed that Stadeler’s formula for the nitroprussides differs 
from Hadow's only by a single atom of oxygen in Hadow’s molecule, thus— 

Double molecule of nitroprusside of potassium (Stiideler), K 4 Fe,NjOjCy,j 
Nitroprusside of potassium (Hadow), K^Fe,NjOsCy„, 

so t bftt whereas Hadow believed in the substitution of nitrous acid (N,0,) for a part 
of the cyanogen, Stadeler finds that it is really NO, the radical of the nitrous acid 
((N0)'(N0)'0') which replaces the cyanogen. 

On ^e latter view, the diatomic character of the assumed radical Cy 4 '(NOyFe'' is 
at once explained, for it evidently requires two atoms of potassium to complete the 
saturation of the Cy,. 

The nitroprusside of sodium is used as a test for the alkaline sulphides, with a very 
slight trace of which it gives a magnificent purple colour. Thus, on inch or two of 
human hair, fu^ witt carbonate of soda before the blowpipe, yield sufficient 
sulphide of sodium to strike a purple tint with the nitroprusside. 

321. The fulminates. —^The violently explosive compound known as 
fulminate of m&rcury, which is so largely employed for the manufacture 
of percussion caps, is connected with tiio series of cyanogen compounds. ^ 

Pmparatim of fulmin ate of mercurys—Tide substance is prepared hy 
the action of alcohol upon a solution of mercury in excess of nitric acid; 
and as this action is of a violent character, some care is necessary in order 
to avoid an explosion. On a small scale, the fulminate may be obtained 
without any risk by strictly attending to the following prescription 
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» W«^h oat, in a watc^-glass, 25 grains of mercury, transfer it to a half-tnut 
liteaker, add mf an ounce Measured) of oidinary coucentmted nitric acid (^. p. 
t*42), and apply a gentle heat. As soon as the last particle of mercury is dis> 
-tolved, place the beaker upon the table, away from any flame, and pour into it, 
pretty quickly, at arm's length, 5 measured drachms of alcohol (sp. gx. 0'S7). Very 
brisk action will ensue, and the sedation will become turbid from the separation of 
m-ystals of the fulminate, at the same time CTolring very dense white clouds, which 
hare an agreeable odour, due to the presence of nitrous ether, aldehyde, and other 
products of the action of nitric acid upon alcohol. The heavy character of these 
clouds is caused by the presence of mercury, though in what form has not been 
ascertained; much nitrous oxide and hydrocyanic acid are evolved at the same time. 
When the action has subsided, the beaker may be filled with water, the fulminate 
allowed to settle, and the acid liquid poured off. The fulminate is then collected 
<m a filter, washed with water as long as the washings taste acid, and dried by 
exposure to air. ^ 

The cliemical change. involved in the preparation of the fulminate is 
complicated by the formation of the secondary products of the action of 
nitric acid upon alcohol, but if these be left out of consideration, a clear 
idea of the reaction may be obtained. 

The fulminate of mercury is found, on analysis, to contain mercury, 
carbon, nitrogen, and oxygen in proportions corresponding to the formula 
HgCjNjjOj; if the mercury be supposed to exist in the state of oxide, into 
which it would have been convert^ by the nitric acid, this formula might 
be written HgO.CjN^O. The formula for alcohol is CgHgO, and the 
fulminate of mercury appears to be derivable from alcohol by the exchange 
of H/ for N/', and the addition of HgO. It has been remarked (p. 140) 
that the action of nitrous acid (I^gOg) upon organic substances frequently 
rasults in the removal of Hgirom the substance in tlie form of water; and 
it may be supposed that this acid, resulting from the de-oxidation of the 
nitric acid by one portion of the alcohol, has acted upon another portion 
so as to eliminate the whole of its hydrogen, and to leave, in exchange, 
2 atoms of nitrogen; thus, CgHgO + 3HjO. It is 

evident that the combining value of the two atoms of triatomic nitrogen 
is equal to that of six atoms of hydrogen.* The substance CjN^O, sup¬ 
posed to be combined with the oxide of mercury (though never obtain^ 
in the separate state), has been named fulminic acid. The chemical con¬ 
stitution of the fulminate will be more advantageously discussed when 
its properties have been considered. 

Propertiee of fulminate of mercury .—^This substance is deposited in 
'"the above process in fine needle-like crystals, which often have a grey 
colour from the accidental presence of a little metallic mercury. It may 
be purified by boiling it with water, in which it is sparingly soluble, and 
allowing the fulminate to crystalHse from the filtered solution. Very 
moderate friction or percussion will cause it to detonate violently, so that 
it most he kept in a corked bottle lest it should be-exploded between the 
neck and the stopper. It is usually preserved in a wet state, with about 
one-fifth its weight of water. Its explosion is attended with a bright 
flash, and with grey fumes of metallic mercury. The simplest equation 
to represent the decomposition would bo HgCgNjOj = Hg -t- 2CO + K,; 
and its violence must be attributed to the shdden evolution of a large 
volume of gas and vapour from a small volume of solid, for the fulminate 
of mercury, bmng exceedingly heavy (sp, gr. 4’4), occupies a very small 
space when compared with the gaseous products of its decomposition, 

view is suppoited by the cirenmstatice, that fulminate of silver is abundantly 
formed when uitt^ ^d is passed Ihto an alcoholic solution of nitrate of silver. 
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especially when the latter are expanded hy the heat. The evolution of 
heat during the explosion, apparently in contradiction to the role that 
heat is absorbed in decomposition, must be ascribed to the oircumstaiuse 
that the heat evolred by the oxidation of the carbon exceeds that absorbed 
in the decomposition of the fulminate. A temperature of 360° F. explodes 
fulminate of mercury, and the same result is brought about by touching 
it with a glass rod dipped in concentrated sulphuric or nitric acid. The 
electric spark of course explodes it../* 

/Cap composiiim .—The explosion of the fulminate.of mercury is so 
violent and rapid that it is necessary to moderate it for percussion-caps. 
For this purpose it is mixed with nitrate or chlorate of potash, the 
oxidising property of these salts possibly causing them to be preferred to 
any merely inactive substances, since it would tend to increase the tem¬ 
perature of the Hash by burning the carbonic oxide into carbonic acid, 
and would thus ensure the ignition of the cartridge. For military caps, 
in this country, chlorate of potash is always mixed with the fulminate, 
and powdered glass is sometimes added to increase the sensibility of the 
mixture to explosion by percussion. Sulphide of antimony’ is some¬ 
times substituted for powdered glass, apparently for the pui^ose of 
lengthening the flash by taking advantage of the powerful oxidising 
action of chlorate of potash upon that compound (p. 163). Since the 
composition is very liable to explode under friction, it is made in small 
quantities at u time, and Without contact with any hard substance. 
After a little of the composition has been introduced into the cap, it is 
made to adhere and water-proofed by a drop of solution of shell-lac in 
spirit of wine. 


If a thin train of fnhninatc of mercury he laid upon a plate, and covered, except 
a little at one end, with gunpowder, it will be found on touching the fulminate with 
a hot wire, that its explosion scatters the gunpowder, hut does not inflame it. On 
repeating the experiment with a mixture of 10 grains of the fulminate and 15 grains 
of chlorate of x>otaBli, made nflbn }>aper with a card, the explosion will he found to 
inflame the gunpowder. 

By sprinkling a thin layer of the fulminate upon a glass plate, and tiring it with 
a hot wire, the separated mercury may be made to coat the glass, so as to give it all 
the appcarauco of a looking-glass. / 

Although the efiect produced hy the explosion of fulminate of mercury 
is very violent in its immediate neighbourhood, it is very slightly felt at 
a distance, and tlie sudden expansion of the gas will hurst fire-arms, 
because it does not allow time for overcoming the inertia of the hall, 
though, if the barrel escape destruction, the projectile effect of the fulmi¬ 
nate is found inferior to that of powder. 

The fulminate of mercury is generally contaminated with oxalate of 
mercuiy (HgC^O A Which is one of the secondary products formed during 
its preparation. ^ 

.fulminate of silver is prepared by a process very similar to that for 
fulmiS^ ofTnercuiy, but since its explosive properties are far more 
violent, it is not advisably to prepare so large a quantity. 10^ grains of 
pure silver are dissolved, at a gentle beat, in 70 minims of ordinary con¬ 
centrated nitric acid (sp. gr. 1*42) and 50 minims of water. As soon as 
the silver is dissolved, the heat is removed, and 200 minims of alcohol 
(sqr. gr. 0*87) are added. If the action does not commence after a short 
time, a very gentle heat may he applied until effervescence begins, when 
the fulminate of silver will be deposited in minute needles, and may be 
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for&er treated as in the case of fulminate of mercury.* When dry, the 
fulminate of slLver must be handled with-the greatest caution, since it is 
ex{doded far more easily than the mercury salt; it should be kept in small 
quantities wrapped up separately in paper, and placed in a card-board box. 
Nothing harder than paper should be employed in manipulating it. The 
violence of its explosion renders it useless for percussion caps, but it is 
employed in detonating crackers. Fulminate of silver is sparingly soluble 
in cold water, but dissolves in 36 parts of boiling water. 

If a minute p^icle of fulminate of silver be placed upon a niece of quarts, and 
gently pressed with the angle of another piece, it wiU explode with a flash and smart 
report. 

A throw-down detonating cracker may be made by screwing up a particle of the 
fulminate of silver in a piece of thin paper, with some fragments obtained by crush¬ 
ing a common quartz pebble. 

The explosion of fulminate of silver may be compared with that of the mercury 
salt, by heating equal quantities upon thin c(tpper or platinum foil, when the ful¬ 
minate of mercuiy will explode with a slight puff, and will not itgure the foil, but 
that of silver will give a loud crack and rend a hole in the metal. 

If a partide of fulminate of silver be placed upon a glass plate and touched with a 
^ass rod dipped in oil of vitriol, it will detonate and leave a deposit of silver upon 
^ glass. 

When fulminate of silver is dissolved in warm ammonia, the solution 
deposits, on cooling, crystals of a double fulminate of eilv&r and ammonia, 
Ag(NH 4 )CgNgOj, which is even more violently explosive, and is dangerous 
while s1^ moist. ^ 

On adding chloride of potassium in excess to fulminate of silver, only 
half the silver is removed as chloride, and the double fulminate of silver 
and potassium, may be crystallised from the solution. By 

the careful addition of nitric acid, the K may be replaced by H, and the 
acid fulminate of silver, AgHCjN^Oj, obtained, which is easily soluble 
in boiling water, and crystallises out on cooling; by boiling with oxide of 
silver, it is converted into the neutml fulminate. 

Various other fulminates and double fulminates have been obtained. 
They are all more or less explosive. ^ 

Ghmtical constitution of the fulminates. —The fact of the existence of 
double fulminates and acid fulminates renders it necessary to write the 
formula of fulminate of silver, for example, Ag^CjN^Oj, instead of AgCNO, 
in order to show that half of the silver is capable of being exchanged for 
another metal or for hydrogen. It will be seen that this formula would 
also represent two molecules of cyanate of silver (AgCNO), but the 
properties of this salt are entirely different from those of the fulminate. 
That a strong cozmection exists, however, between the fulminates and 
the cyanogen-compounds, is shown by several reactions. Thus, if fulmi¬ 
nate of mercury be heated with hydrochloric acid, it is dissolved with 
evolution of a powerful odour of hydrocyanic acid, whilst mercuric chloride 
and oxalate, with hydrochlorate of ammonia, remain in the solution. 
Again, if an excess of fulminate of silver be acted on by hydrosulphuric 
acid, cyanic acid may be obtained in solution, and becomes convert^ into 
hydmsulphocyanic acid, when the hydrosulpburio acid is in excess. 
By decomposing the double fulminate of copper and ammonia 
•(Cu(NH 4 )j(C,N,Oj|),) with hydrosulphuric acid, there ore produced, hydro- 

* If tke nitric acid and alcohol are not of the exact strength here prescribed, it may be 
somewhat dii&cult to start the action onless two or three drops of red nitric acid (contain¬ 
ing nkrotts acid) are added. Standard rilver (containing copper) may be used for prepar¬ 
ing the folmin^. 
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sulphooyanic acid and urea, the latter having the same composition as 
cyanate of ammonia— 

Cu(NH4 ),(C,N,0,), + 3H,S = CuS + 2H,0 + 2HCNS + 2CH,N,0. 

Hydro mlpho eyalc 

These reactions have induced many chemists to regard the fulminate 
as compounds of the metallic oxides with an acid having the composition 
Cy^Og, intermediate in composition between the hypothetical anhydrous 
cyanic acid (Cy^O) and the hypothetical anhydrous cyanuric acid (CygOg), 
but neither the anhydrous nor the hydrated fulminic acid has yet been 
obtained in a separate form. This view of the constitution of the fulmi* 
nates, however, has the recommendation of simplicity, and enables the 
greater number of their reactions to be easily explained. 

^ Fulminate of mercury dissolves when boiled with solution of chloride of potassium, 
and the solution, when eva^rated, yields crystals of fulniinurale or wocyanurate of 
potash, K^NgHgOg, which nas the same percentage composition as acid cyanurate of 
potash, KHgCygOg, bnt the acid contained in fulminnrate of potash forms only one 
series of salt^ and is therefore monobasic. The fulminurates are feebly explosive. 
'The production of fulntinuric acid from the hy]>othetical fulminic acid may be 
represented by the equation— 

2(HgCgNgOg) + HgO = COg + NHg + HCgN.HgO,. / 


PRODUCTS OF THE DESTRUCTIVE DISTILLATION OF COAL. 

322. Much of the extraordinary progress made by chemistry during 
the last half century must be attributed to the introduction and great 
extension of the manufacture of coal-gas. No other branch of manufac¬ 
ture has brought into notice so many compounds not previously obtained 
from any other source, and, above all, offering, at first sight, so very 
little promise of utility, as to press urgently upon the chemist the necessity 
for submitting them to investigation. 

Although many important additions to chemical knowledge have re¬ 
sulted from the labours of those who have engaged in devising the best 
methods of obtaining the coal-gas itself in the state best fitted for con¬ 
sumption, far more benefit has accrued to the science from investigations . 
into the nature of the secondary products of the manufacture, the removal I 
of which was the object to be attained in the purification of the gas. ] 

Of the compounds of caibon and hydrogen, very little was known pre¬ 
viously to the introduction of coal-gas; and although the liquid hydro¬ 
carbons composing coal-naphtha were originally obtained from other 
sources, the •investigation of their chemical properties has been greatly 
promoted by the facility with which they may be obtained in large quanti¬ 
ties from that liquid. The mogUjiipostant of these hydr ocarb ons, benzole 
or hemimif was originally procured from benzoic acid; but it would have ' 
bwn impossible for it to have fulfilled its present useful purposes, but 
for the circumstance that it is obtained in abundance as a secondary 
product in the manufacture of coal-gas j for, leaving out of consideration 
the various uses to which benzole itself is devoted, it yields the nitro- 
benzolef so much used in porfumoiy, and from this we obtain aniline, 
from which many of the most beautiful dyes are now prepared. 

The naphthaline found sQ,abundantly in coal-tar possesses a peculiar 
interest, as having formed the subject of the beautiful researches by which 



444 


MANUFACTURE OF OOAIrGAS. 


Laorenti waa led to propose the doctrine of substitution, which has since 
thrown so much light upon the constitution of oigonic substMces. 

We are also especially indebted to coal-tar for our acquaintance with 
the Tery interesting and rapidly extending class of volatile alkahes, of 
which the above-mentioned aniline is the chief representative, and for 
phenic or carbolic add, 6om which are derived the large number of sub¬ 
stances composing the phenyle-series. 

‘ The retorts in ^hich the d istillat ion of coal is effectgdjare made either of 
/cast-irgj^or of stoneware, generahybaving the form of a flattened ^linder, 
' anS^anged in sets of three or five, heat^ by the same coal Are (fig. 284). 
The charge for each retort is about two bushel^ and is thrown on to the red- 



Fig. 284. —Manufacture of coal-gas. 


hot floor of the retort, as soon as the coke from the previous distillation has 
been raked out; the mouth of the retort is then closed with an iron plate 
luted with clay. An iron pipe rises from the upper side of the front of the 
r^fi pr^ecting from the furnace, and is curved round at the upper 
extremity, which passes into the side of a much v^dsiUaihgi. called the 
hydraulic main, running above the furnaces, at right angles tq the ret(^, 
and receiving the tubes flrom all of them. This tube is always kept half 
full of the tar and water which condense from ^e^M, and below the sur¬ 
face of thisHquid lEe deliveiy tubes from the retoris are allowed to dip, 
so that alldiough the gas can bubble flreely through the liquid as it issues 
from the retort, none can return through tbSotube whilst the retort is 
open for the introduction of a fresh charge. 

The aqueous portion of the liquid deposited in the hydraulic main ia 
known as the amnmiacal liquor, from its consisting chiefly of a solution 
I of various salts of ammonia, the chief of which is the sesquicarbonato; 
ij^bide, cy^id^ ^d sulphocyanide of ammonium are also found in ih 

From the h^f^ulic main the gas passes ihto the condenser, which is 
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composed of a series of bent inm tubes kept cool either by the large sur¬ 
face whidi they expose to the air, or sometimes by a a tream nf nnM 
water. In these are deposited, in addition to water, any of t^ vol^He 
hydrocarbons and salts of ammonia which may have escaped condensa¬ 
tion in the hydraulic mam. Even in the condense the removal of the 
ammoniacal salts is not complete, so that it is usually necessary to pass 
the gas through a scrubber or case containing f rag menteLof ookfif over whidh 
a stream of water isallowed to tnckle in order to absorb t he remaini^ 

ammoniacal vapours, y/ " .. 

The tar which con^nses in the hydraulic msdn is a very complex 
mixture, of which the following are some of the leading components-— 



Boiling Point. 

Formula. 

Sp. Gr. 

3 

Neutral Hydrocarbons. 




Liquid. 




Benzole, 

176’ F. 


0-88 

Toluole, 

230’ 

C,H8 

0-87 

Xylole, 

284“ 

CbHjo 

■ 0-87 

Isocumole,* 

338’ 

CbHis 

0-85 

Solid. 




Naphthaline, 

428’ 

CioHs 


Anthracene, 

680’ 

C,4H„ 


Chrysene, . 


CjsHg 


Pyrene, 


Cx5H„ 


Alkaune Products. 




Ammonia, . 

.. . 

NHa 


Aniline, 

860’ 

C«H,N 

102 

Picoline, . 

271° 

CbH,N 

0-96 

Quinoline, . 

462’ 

CbH^N 

1-08 

Pyridine, . 

240“ 

CjHbN 


Acids, 




Carbolic acid, 

870’ 

CeH^O 

1-07 

Eresylic ,, 

397’ 

CrHgO 


Bosolic ,, 




Bnmolic, ,, 




■A-CC^C • 

- , - 

243’ 

0,HA 

1-06 ij) 

—:--Hr: 




r i 


. 

I Tlie gas is now passed through the lime-purifier, which is an iron*^oXj 
I with shelve's, on which dry slaked lime is placed in order to absorb the 
i carbonic acid and sulphurettetThydrOgen, and the last portions of ammoni^ 
^ are removedlby passing the gas through dilute s ulphu ric acid. a 
A great mpy other methods have been devised for ihe purification of 
the gas fron^sulphuretted hydrogen,Jbut none appears to be so efficacious 
and economical as that wni^ consists in passing the gas over a mixture 
of sulphate of ir on (green vitriol or copperas), slaked I ffle, and mw -dnstj 
“^whieh is employed to prevent the other materials'fibin caking togeiES^. 


* £en«>Ze, originally derived from betaoic acid; tduole, from balsam of tdu; wyloU, 
found among the products from mod (£^\oif); isocumole, isomeric with cunmle, obt^ed 
from oil of eummm. 
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The lime d^mpoBes the sulphate of iron, forming sulphate of lime and 
hydrated oxide of iron— / 

\j) /FeO.SO, -t- CaO.H,0 = ]^.H,0 + CaO.SO,. 

The action of air upon the mixture soon converts the oxide into sesqui- 
oxide of iron, which absorbs the sulphuretted 'hydrogen and the hydro- 
oyanic acid, producing with the former sulphide of iron, and with the 
iJ^tter Prussian blue, or some similar compound. The sulphate of lime 
existing in this purifying mixture, is useful in absorbing any vapour of 
'^carbonate of ammonia from the gas, forming sulphate of ammonia tmd 
carbonate of lime.* 

The action of the sulphuretted hydrogen on the sesquioxide of iron 
may be thus represented, Fe^Og + 3HjS = 2FeS + S + SH^O; and the cir¬ 
cumstance which especially coMucM’to thd*econoiny oTthe process, is the 
facility with which the sulphide of iron may be reconverted into the 
, sesquioxide by mere exposure to the action ^ atmospheric oxygen, for 
I 2FeS + Og = FCjiOj + Sj, thufe r mving the powerp f the mixture to absorb 
sulphuretted Kytihogen, Abcorclingly, if a small quantity of air be ad- 
' mitted into the pui jfier t ogether with the gas, it reconverts the sulphide of 
iron into sesquioxide, and the oxidation is attended with enough heat to 
I convert into vapour any benzole which may have condensed in the purify- 
^ ing mixture, and of which the illuminating value would otherwise be lost. 
The same purifying mixture may thus be employed to purify a very large 
quantity of gas, until the separated sulphur has increased its bulk to an 
inconvenient extent, when it is distilled olf in iron retorts. The various 
processes which have been devised for the removal of the bisulphide of 
carbon vapour are mentioned at p. 219. 

. The purified gas is passed into the gasometers, from which it is sup¬ 
plied for consumption. ... 


* liquid hydrocarBons will be forlhed in too great abundance, not only 
diminishing the volume of the gas, but causing much inconvenience by 
> obstructing the pipes. On the other hand, if the retort be too strongly 
; heated, the vapours of volatile hydrocarbons, as well as the olefiant gas 
; and marsh-gas, may undergo decomposition, depositing their carbon upon 
’ the sides of the retort, in file form of gas-carbon, and leaving their hydro- 
' gen to increase the volume and dilute the illuminating power of the gas. 

These effects are well exemplified in the following analyses of the gas 
collected from Wigan cannel coal at different periods of the distillation:— 


In 100 Tolnmes. 


Ist hour. 

6th hour. 

loth hour. 

13-0 

T’O 

0*0 

82-5 

66-0 

20-0 

8-2 

11 0 

10-0 

0-0 

21 S 

60 0 

1-3 

47 

10 0 


Olefiant gas and volatile hydrocarbons, 

Marsh-gas,. 

Carbonic oxide,. 

Hydrogen,. 

Nitrogen,. 


The increase of the carbonic oxide after the first hour must be attri¬ 
buted to the decomposition of the aqueous vapour by the carbon as the 
t^perature rises, and the increase of the nitrogen may probably be 

* Sesquioxide Of iron itself, derived horn various natural and artificial sources, is also 
employ^ for the%iill8cation of coal-gas. 
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ascribed to the decomposition of the ammonia into its dements at a high 
tempexature. 


323. One of the most useful of the secondary products of the coal-gas 
manu&cture, isthe ammonia, and this process has been already noticed as 
a piincipal source of the ammoniacal sdts found in commerce. 

Next in the order of usefulness stands the coal-tar, which deserve^ 
attentive consideration, not only on that account, but because the extrac¬ 
tion of the various useful substances from this complex mixture affords an 
excellent example of pr<mniate organic analysis, that is^ of the separa¬ 
tion of an organic mixture into its immediate components. 

For the separation of the numerous volatile substances contained in 
coal-tar, advantage is taken of the difference in their boiling points, which 
will be observed on examining the table at p. 445. 

A laige quantity of the tar is distilled in an iron retort, when water 
passes over, holding salts of ammonia in solution, and accompanied by a 
brown oily offensive liquid which collects upon the surface of the water. 
This is a mixture of the hydrocarbons which are lighter than water, vis., 
benzole, toluole, xylole, and isocumole, all having, as represented in the 
table at p. 446, a specific gravity of about 0’85. 100 parts of the tar 

yield, at most, 10 parts of this light oil. 

As the distillation proceeds, and the temperature rises, a yellow oil 
distils over, which is heavier than water, and sinks in the receiver. This 
oil, commonly called dead oil, is much more abundant than the light oil, 
amounting to about one-fourth of the weight of the tar, and contains those 
constituents of the tar which have a high specific gravity and boiling 
point, particularly naphthaline, aniline, quinolme, and carbolic acid. The 
proportion of naphthaline in this oil augments with the progress of the 
distillation, as would bo expected from its high boiling point, so that the 
last portions of the oil which distil over become mearly solid on cooling. 
When this is the case, the distillation is generally stopped, and a black 
viscous residue is found in the retort, which constitutes pitch, and is 
employed for the preparation of Brunswick black and of asphalt for 
paving. 

The light oil which first passed over is rectified by a second distillation, 
and is then sent into commerce under the name of cwd naphtha, a quan¬ 
tity of the heavy oil being left in the retort, the lighter oils having lower 
boiling points. 

This coal naphtha may be further purified by sliaking it with sulphuric 
acid, which removes several of the impurities, whilst the pure naphtha 
collects on the surface when the mixture is allowed to stand. When this 
is again distilled it yields the rectified coal naphtha. 

This light oil, especially when distilled from cannel coal at a low temperature, 
contains, m adfiition to the hydrocarbons above enumerated, some belonging to the 
marsh-gas series (C»Hih+ s), and others more recently brought to light, belonging to a 
series tne general formula of which is ; but these last appear to be acted on 

by the sulphuric acid, employed to remove the basic substances from the light oil, in 
such a mannuT that they are canverted into polymeric hydrocarbons, having the g^e- 
ral formula of which the three followmg have been particularly examine:— 


Fonnala 


■' 1 * 

C,.H, 


Si 


CiiHss 


Boiling point 
410" F. 
464" 

686 “ 


The hydrocarbons, OflHio, CjHj,, and CgH,,, ftom which these appear to have been 
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fomied by the action of salphoric acid, would evidently be the hi^er homolognes 
of acetylene, C.H,. 

The distillation of cannel coal, and of varions minerals nearly allied to ooal, at low 
tem^ratiires, is now extensively carried on for the manofactnre of parafBne and 
pai^neoil. {See Parajfitu.) 

The separation of the hydrocarbons composing this naphtha is effected 
a process in constant use for similar purposes, and known as fractwnal 
distillation. 

This consists in distilling the liquid in a retort (A, fig. 285) through 
the tubulure of which a thermometer (T) passes, to indicate the tempera¬ 
ture at which it boils. The first portion which distils over will, of course, 



Fig. 285.—Fractional distillation. 

consist chiefly of that liquid which has the lowest boiling point; and if 
the receiver (R) be changed at stated intervals corresponding to a certain 
rise in the temperature, a series of liquids will be obtained, containing 
substances the boiling points of which lie within the limits of temperature 
between which such liquids were collected. 

When these liquids are again distilled separately in the same way, a 
great part of each is generally found to distil over within a few degrees 
on either side of some particular temperature, which represents the boil¬ 
ing point of the substance of which that liquid chiefly consists; and if the 
receivers be again changed at stated intervals, a second series of distillates 
will be obtained, the boiling points of which ax’s comprised within a 
narrower range of temperature. It will be evident that, by repeated dis¬ 
tillations of this description, the mixture will eventually bo "resolved into 
a number of liquids, each distilling over entirely at or about one par¬ 
ticular degree, viz., the boiling point of its chief constituent. 

To apply this to the separation of the coostituents of light coal naphtha. 

The erode light oil is firat agitated with dilate salphoric acid, which removes any 
basic substances present in and afterwards with S dilute solution^ of potash, m 
separate carbolic acid. The adhering potash is remove by shaking with water, and 
the naphtha is allowed to remain at rest, so that all the water may settle down, and 
the naphtha may be draym off for distillation. 

^e naphtha begins to boil at about 160° F., but a small quantity distils over 
before the temperature has risen to 180°, when the receiver may be changed; between 
and'2Q0° % Considerable quantity of the naphtha distils over, and at the latter 
MM the r^Mver;is changed a second time. The receiver is changed at every 20” 
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thronghout the distilletioii, until nearly the whole of the naphtha has 
over, which will be the case at about 860°.* 

Ten onequalji^awtitieB of ]i<]^aid will have been thus obtained, diminishing as the 
teiitpwstTiivflses. " 

Each of these must then be distilled in a smaller retort than the first, also pro¬ 
vided with a thermometer. 

The first portion (160* to 180*) will probably berin to boil at 150°, and will distil 
in great part before 160°, when the receiver may m changed. When the temper# 
ture reaches 170* it will probably be found that nothing remains worth distilling. 
The lionid passing over in this distillation between 160* and 170* may be added to 
that which is next to be distilled (180° to 200 °). 

The second portion (180* to 200°) will begin to boil at about 175°, and will distil 
over chiefly between that temperature and 185°, when the receiver may be changed. 
Nearly the whole will have passed over before 195°, and this last fraction may be 
added to that previously obtained from 200 “ to 220 °. 

When all the first series of liquids have been thus distilled, it will be found that 
the second series consists chiefly of six portions distilling between the following 
degrees of temperature, viz., 160°-160°, 175“-185°, 180°-190°, 240°-250°, 800*-310°, 
840°-850°. 

By another distillation of each of these portions, a third series of liquids will be 
forme<l, consisting chiefly of five portions distilling between the following points, viz., 
J45°-150’, 176°-180°, 230°-235°, 288°-293°, 836°-342°. 

The portion distilling between 145° and 150° is comparatively small in quantity, 
and has not yet been fully examined. 

That obtained between 175° and 180* is more abundant than either of the others, 
and is nearly pure benzole (C,.H,). 

The portion boiling between 230° and 285“ is chiefly toluole (C 7 H 8 ), whilst 28&* to 
298° gives xylole (CgH,,), and 366° to 342° isocumole (C,Ui«>. 

In order to separate the benzole completely from the liydrocarbons which still 
adhere to it, the portion boiling between 175“ and 180“ is exposed to a temperature 
of 82°, when the benzole alone freezes, the other hydrocarbons remaining liquid, and 
being easily extracted by pressure. 

A simpler method of separating liquids which have different boiling points con¬ 
sists in distilling them in a flask (F, fig. 286) connected with a spiral worm (W) «if 



Fig. 286.—Fractional distillation. 

pewter or copper, surrounded by water, or somd other liquid, main^ned at a tern- 
p 6 TatUT 6 just ftboTS ths boilinf^ point of tho particular u<|uid which is^ rcc^juircd to 
di^l over. The greater part of the less volatile liquids will condense in the worm 
and run back into the flssk. Thus, in extracting benzole from the light oil, the liqnid 
in A might be kept at 180° F., when the toluole, &c., would be partly condensed in 

• On the laree scale, that portion of the naphtha which is distilled over Iwtween 18(F and 
250° F. is sold as benzole, and employed for the preparation of aniline. 
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worm, and the ^rtion which passed into the receiver would consist chiefly of 
benzole. When little more distills over, the temperature of A might be ra^ed to 
280'^ and the recover changed, when the distillate would contain toluole as its pre* 
dominant constituent; ana so on. 

324. Benzole .—^Tlie pure benzole is a brilliant colourless liquid, exbal- 
a powerful odour of coal-gas; it boils at 176° F., and is very inflam¬ 
mable, burning with a smoky flame. It mixes readily with alcohol and 
wood-spirit, but not with water. Its property of dissolving caoutchouc 
and gutta percha renders it very useful in the arts, and it is an excellent 
solvent for the removal of grease, paint, &c., from clothes and furniture. 

Benzole combines directly with chlorine to form a solid cMorUk of^ betizole, C.HgCfl,, 
which is decomposed by an alcoholic solution of potash, yielding dhlorolemole, 
CeHaCL. 

By the action oT an aqueCus solution of hypochlorous acid upon benzole, a crys¬ 
talline body has been obtained, having the composition C,HgCJ,0„ and called tri- 
chlorhydrine of phmose. When acted on by alkalie.s, this substance yields a sweet 
substance called phenose, isomeric with dry grape-sugar— 

CgHjClgOj + 3KHO = C,H„Oj (/>Ae«o»e) + 3KC1. 

This substance has not been crystallised; it forms a deliquescent amorphous 
mass, which is easily soluble in water and alcohol, but insoluble in ether. It reduces 
the oxides of copper and silver like grape-sugar, and when acted on by nitric acid 
is Qpnverted into oxalic acid. Phenose has not been found capable of fermentation 


325. Aniline .—^The chief purpose to which benzole is devoted is the 
preparation of aniline, which is subsequently converted into the brilliant 
dyes now so extensively used. It lias been already noticed at p. 134, 
that /men benzole is dissolved in fuming nitric acid, violent action takes 
place, and a dark red liquid is formed, from which water precipitates a 
heavy yellow oily liquid, smelling of bitter almonds, and known as niiro- 
henzoU, which has the composition CeH 5 (j!fOj), and may be regarded as 
derived from benzole by the substitution of a molecule of nitric peroxide 
for an atom of hydrogen— 

HNO3 = CgH.(^f03) {IfUrohentdk) + HgO. 

When nitrobenzole is placed in contact with diluted sulphuric acid and 
metallic zinc, the (nascent) hydrogen removes the whole of the oxygen, 
and two atoms of hydrogen are acquired instead, producing CgHgNHj, 
or CgHyN, aniline — 


WNO,) 


CgHjK iAnilin^ + 2Hj,0. 


That aniline has been produced may be shown by neutralising the 
excess of sulphuric acid with potash, and adding chloride of lime (hypo¬ 
chlorite of lime), which gives a fine purple colour with aniline. 

The conversion of nitrobenzole into aniline on a large scale is more 
conveniently effected by gently heating it, in a retort, with water, iron 
filings, and acetic acid, when the deoxidising action of the acetate of 
iron Fe(C 3 H 30 Js, first produced, materially assists the change, this 
salt being converted into a basfe peracetato of iron 2 [Fe,(C 2 Hg 0 ,)JFe 30 „ 
which is left in the retort, and the aniline may be mstilled over, 
accompanied by water. At the close of the distillation a red oil 

g ases over, which solidifies to a myetaUine mass. This is azobemide, 
QgN, originally obtained by distilling nitrobenzole with an alcoholic 
ution of 
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(When nitrohenzole, in aleoholic solution, is redacod by zinc in the 
presence of hydrochloric acid, the solution neutralised by carbonate of soda 
and boiled with alcohol, a crystalline compound of aniline with chknide 
of zinc (ZnCV2C,H^) is obtained.) 

Since aniline is only slightly soluble in water, and has the sp. gr. 1 *02, 
the larger portion of it collects at the bottom of the liquid in the receivy, 
which is n^ky from the presence of minute drops of aniline in suspension. 
By pouring the contents of the receiver into a tall vessel, the greater part 
of the aqueous fluid may be separated, and the aniline may be purified by 
a second distillation, when the remaining water will pass over first, the 
boiling point of aniUne being 360° F. 

Aniline * presents many striking features; though colourless when per¬ 
fectly pure, it soon becomes brown if exposed to the air; its odour is 
very peculiar and somewhat ammoniacal, and its taste is very acrid. A 
drop falling upon a deal table stains it intensely yellow. But the charac¬ 
ter by which aniline is most easily recognised, and that which leads to 
its useful applications, is the production of a violet colour with solution 
of chloride of lime, by which a very minute quantity of aniline may be 
detected. The exact nature of the chemical change connected with the 
production of this colour has not been determined, but it is known to be 
an oxidation, and a great number of processes have been patented from 
time to tini'i for the production of crimson, purple, and violet dyes by 
the action of various oxidising agents upon aniline. 

326. Coal-lar dyes. —The first dye ever luanufactured from aniline on a large scale 
was that known as mavve, + or anilim purj)le, wliich is obtained bj^lissolring aniline 
in diluted sulphuric acid, and adding solution of bichromate of potash, iraen the 
liquid gradually becomes dark-coloured, and deposits a black precipitate, which is 
filtered oflT, washed, boiled with coal-naphtha to extract a bi-own substance, and after¬ 
wards treated with hot alcohol, which dissolves the mauve./ The chemical change 
by which tlie aniline has been converted into this colonring-matter cannot at present 
be clearly traced, but the basis of the colour has been found to be a substance which 
has the composition C'j-Ha,N 4 , and has been termed mauveine. It forms black 
shining crystals, resembling s]»ecular irou ore, which dissolve in alcohol, forming a 
violet solution, and in acids, with production of the purple colour. Mauveine com¬ 
bines with the acids to lorm salts ; its alcoholic solution even absorbs carbonic acid 
gas. The hydrochlwvUe of vvauedine, Cj,Hj4N4,2HCl, forms prismatic needles with 
a CTcen metallic lustre. 

.^Tery brilliant red dyes are obtained from commercial aniline by tlie action of 
bichloride (tetrachloride) of carbon, bicliloridc of tin, perchloride of irou, chloride 
of copper, mercuric nitrate, coiTosive sublimate, and hydrated arsenic acid.^ It will 
be noticed that all these agents arc capable of undergoing reduction to a lower state 
of oxidation or chlorination, indicating that the chemical change concerned in the 
transformation of aniline into aniline red is one in which the aniline is acted on by 
oxygen or chlorine. 

^The easiest iiiethod of illustrating the production of aniline-red, on the small 
Male, consists in heating a few drops of aniline in a test-tube with a fragment of 
corrosive sublimate (perchloride of mercury), which soon fuses and acts upon the 
aniline to form an intensely red mass composed of aniline-red, calomel, and various 
secondary products. By heating this mixture with alcohol the red dye is dissolved, 
and a skein of silk or wool dipped into the liquid becomes dyed of a fine red, which 
is not removed by washing. , ^ . 

yOn the large scale, MarjetUa (ks anibne-red is commonly termed) is gensrallypTe- 
pared by heating aniline to about 820“ F. with hydrated arsenio acid, when a dark 
semisolM mass is obtained, which becomes haiti afid brittle on cooling, and exhibits 
a green metallic reflection. This mass contains, in addition to aniline red, several 
secondary products of the action, and arsenious acid. On boiling it with water, a 

• Aniline derives its name from amii, the Portuguese for indigo, from which it may be 
obtained by distillation with potash. . , - 

t French for marsh-mallow, in allusion to the colour of the flower. 
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splendid led solntion is obiained, and a dark resinous or pitchy moss is left. If 
common salt be added to the red solution as long as it is dissolve, the bulk of the 
colooring matter is precipitated as a resinous mass, which may be purified from cer¬ 
tain adhering matters by drying and boiliim urith coal naphtha^ The red colouring 
matter is a combination of arsenic acid with a eolourlm organic^aso, which has been 
called rommih'ne, and has the composition G 3 oH(g]Sf,.H^O. If the red solution of 
u^niate of rosaniline be decomposed with hydrate of lime suspended in water, a 
mnkish precipitate is obtained, which consists of ro^niline mixed with arseniate of 
lime, and Ihe solution entirely loses its red colour. 

By treating the precipitate with a small quantity of acetic acid, the rosaniline is 
converted into acetate of rosaniline (C 2 oHi|,Nj,C,H*Oj,), forming a red solution, which 
may be filtered off from the undissolved arseniate of lime. On evaporating the 
solution to a small bulk, and allowing it to stand, the acetate is obtained in crystals 
which exhibit the peculiar green metallic lustre of the wing of the rose-beetle, 
characteristic of the salts of rosaniline. This salt is the commonest commercial form 
of Magenta ; its colouring, power is extraordinary, a very minute particle imparting 
a red tint to a large volume of water. Silk and wool easily extract the whole of the 
colouring matter from the aqueous solution, becoming dyed a fast and briUiant crim¬ 
son ; cotton and linen, however, have not so strong an attraction for it, so that if a 
pattern be worked in silk upon a piece of cambric, which is then immersed in n 
solution of Magenta and afterwards waslied in hot water, the colour will washed 
out of the cambric, but the red silk pattern will be left. / 

, If a boiling solution of the acetate of rosaniline be mixed with excess of ammonia, 
the bulk of the rosaniline will be precipitated, but if the solution be filtered while 
hot, it deposits colourless needles of rosaniline, which become red when expossd to 
the air, from absorption of carbonic acid, and formation of the red carbonate of 
rosaniline. 

Water dissolves but little rosaniline; alcohol dissolves it abundantly, forming a 
deep red solution.^ Rosaniline forms two classes of salts with acids, those with one 
molecule of aoii {monacid salts) being crimson, and those with three molecules 
{triadd salts) having a brown colour. Thus, if colourless rosaniline be dissolved in 
a little dilute hydrochloric acid, a red solution is obtained, which contains the 
monaoid hydrochlorate of rosaniline, ; but if an excess of hydro¬ 

chloric acid be added, the red colour disap^ars, and a brown solution is obtained, 
from which the triacid hydrochlorate, CgaHuNg-SilCl, maybe crystallised in brown- 
red needles. 

For experimental illustration of the properties of rosaniline, the liquid obtained by 
boiling a solution of the acetate with a slight excess of lime diffused in water, and 
filtering while hot, is very well adapted. This solution has a yellow colour, and may be 
preserved in a stoppered bottle withont alteration. If air be breathed into it through 
a tube, the liquid becomes red from production of carbonate of rosaniline. Characters 
' painted on paper with a brash dipped in the solution arc invisible at first, but 
gradually acquire a beautiful rose colour. > ' 

When the red solution of hydrochlorate of rosaniline is slightly acidified with 
hydrochloric acid and placed in contact with zinc, the solution becomes colourless, 
the rosaniline acquiring two atoms of hydrogen, and becoming leucaniline (from 
XiMlr, white) the hydrochlorate of which (C,oHj,Nj,3HCl) forms a 

colourless solution. Oxidising ^ents reconvert the leucaniline into rosaniline. It 
has been observed that^rc aniline does not yield aniline-red when heated with cor¬ 
rosive sublimate or arsenic acid, it being necessary that it should contain another 
organic base, toluidine (C,H,N), which is derived from toluole (C^Hg) in the same 
way in wUch aniline is derived from benzole. Since the benzole obtained from 
coal naphtha almost invariably contains toluole, the aniline obtained from it is very 
sMdom free from toluidine. What share tlie tolnidine has in the production of the 
red colour is not understood, but if the aniline be prepared with benzole derived 
from benzoic amd, and therefore free from toluole, no red is obtained. A mixtaie of 
70 parts of tolnidine with 80 of aniline, is said to answer best for the preparation of 
the red and violet-colouring matters. Snch a mixture would contain two molecules 
of toluidine (CyHgN) and one of aniline (CgHyN), or CjgHgjN,, only requiring the 
removal of H, by an oxidising agent to yield rosaniline C,jH„Nj. 

AnitiTu-yellow or chrysaniline (from golden) is found among the secondary 

products obtained in the preparation of aniline-red. It forms a bright yellow 
wwder resem^g ohrome;yellow, and having the composition It is 

nleTly inrolnble in water; but dissolves in alcohol. Chrysaniline has basic properties 
and di^lyes in add&, forming salts. On dissolving it in diluted hydroohtoric acid, 
mid mixing t^e'8.%tiqn with the concentrated acid, a scarlet crystalline precipitate 
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of hydbro<MorttU of^ chrysanilme (C|,H. 7 N.. 2 HCI} is obipnod, vMch is insoluUs in 
strong hydrochloric acid, but very soluble in water. A characteristic feature of 
chrysanilme is the sparing solubility of its nitrate.' Even from a dilute solution of the 
hyoTOchlorate, nitric acid precipitates the nitiate of chrysanilme (C,oH, 7 Ng.HNO,; 
in ruby«red needles. 

AnxlvM-hlw is produced when a salt of rosaniline (the commercial acetate, for 
example) is boiled with an excess of aniline, which converts the rosaniline (C 2 ,H{,N,) 
into Mphffnylie rosaniline (C 2 gH]e(C,H,),N,), which may be regarded as having 
formed by the introduction of three molecules of the hypothetical radical 
(C,H,) in place of three atoms of hydrogen, the latter having been evolved in the 
form of ammonia— 

C,^,9N,.HC1 + 8[(C.H^H,N] = C,oH,e + SNH . 

Hydrocliloiateof Aniliuc. Hydrochlorate of 

rosanUine. triphenylic rosaniline. 

The hydrochloratc is an ordinary commercial form of aniline'blue ; it has a brown 
colour, refuses to dissolve in water, but yields a fine blue solution in alcohol. If it 
be dissolved in an alcoholic solution of ammonia, the addition of water causes a white 
precipitate of the hydrated base, triphenylic rosaniline, CjoHig(C 6 Hj)jN 3 .H, 0 , which 
becomes bluish when washed and dried. '' 

Just as rosaniline yields leucaniline when acted on with nascent hydrogen, so tri* 

M ic rosaniline yields triphenylic leucaniline (OgoU,g(CgUj) 3 N,l; this is not basic 
icanilinc, but a colourless neutral substance, which is reconverted into blue by 
oxidising agents. Comiwunds corresponding to triphenylic rosaniline, but containing 
methyle, ethyle, or amyle in jilacc of phenyle, are obtained by digesting rosaniline 
with the iodides of these radicals, at a high temperature, in sealed tub^. Thus, by 
the action of iodide of ethyle (Cg 11*1) upon rosaniline, a blue crystalline body, in¬ 
soluble in water, but soluble in alcohol, is obtained, which is a compound of ethyle 
iodide witli triethylic rosaniline ; ^0^ ^8- 

+ 4 C 3 H 3 I = CggHigCCgHglgNyCaHsI -h 3H1 . 

RoiuuiUiDe. Ktliyl-iodate of 

ti i-cthy l-rosauUme. 

AniUnu-vioUt appears to be form^ in a similar manner. Other compounds have 
been obtained from aniline, presenting almost every variety of colour, A green dye ) 
is prepared by the action of a mixture of hydrochloric acid and chlorate of jiotash upon | 
aniline, and under particular conditions a black may be obtained with the same agents. 
Another greon has been made by acting upon Magenta with aldehyde. 

When a solution of acetate of rusuniliue is treated with cyanide of potassium, it 
gradually loses its red colour, and deposits a white crystalline precipitate of a l^e 
which has been termed hyilrocyan-rosanilim, having the formula CjiHjpNg, and con¬ 
tains the elements of rosaniline and hydrocyanic acid; bat this acid cannot he 
detected in it by the ordinary tests, leading to the belief that the new base should 
be regarded os leucaniline which one atom of hydrogen is replaced . 

by a molecule of cyanogen (C'^ollgoiCN^Ng). The hydrocyan-rosanilinc is almost J 
insoluble in water, and sparingly soluble in boiling alcohol. When precipitated from 
its salts by adding an alkali, it becomes pink on exposure to sunshine. 

The present extensive application of aniline to the manufacture of these 
dyes affords a most striking example of the direct utility of pure chemistry 
to the arts ; for only twelve or fifteen years ago, the name of this substance 
was not known to any but scientific chemists, whilst at present many 
tons are annually consumed to supply the wants of the dyers of silk and 
woollen goods. 

327. ranks as a powerful organic base, combining readily with 

acids to form salts which are, generally speaking, easily crystallised. like 
ammonia, it unites directly*with the hydrated acid^ without any separation 
of water; thus, the formula of sulphate of aniline is 2 C 3 H,N.HjO.SOj, 
jiwt as that of sulphate of ammonia is 2 iSHs.H 3 O.SO 8 , With the 
hydrogen acids, also, aniline unites like ammoiria, for hydrochlorate of 
ftpiliTifl is CgHjN.HCl, and hydrochlorate of ammonia, ISHg-HCl; and 
exactly as the addition of potash to the salts of ammonia causes the sepa- 
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catbn of ammoniacal gas, so when added to the salts of aniline, it prec^ 
pitatffi base in the fonn of oily drops, which render the li(}Uid 
milky. This resemblance in disposition between aniline and ammonia 
leads to the impression that they must be moulded after a common type, 
and, accordingly, aniline is often represented as formed from ammonia 
(ITHg) by the substitution of the compound radical phenyle (CgHj) for an 
atom of hydrogen, and, upon this supposition, is termed yhmylaniine, 

This view of the constitution of aniline is supported by the circum¬ 
stance of its formation when phenic or carbolic acid is hea^d with 
ammonia in a tube hermetically sealed; for there is reason to believe that 
this acid, mentioned above as one of the chief acid products of the 
destructive distillation of coal, is phenylic hydrate {CgHj)HO, and its 
action upon ammonia would then be clearly explained by the equation— 


(C„H,)HO NH, = H,0 + NH,(C«Hb) 


I’henlc acid. 


Aniline or 
phenjrlatnine. 


When aniline is dissolved in alcohol and acted on by nitrous acid, two molecules 
of it loses three atoms of (luonatoinic) hydrogmi, and acquire, in their stead, one 
atom of (triutomic) nitrogen, depositing a yellow compound, which has been called 
diazoamidobeimle — 


+ N 2 O 3 = aCjjjHjiNj + 3H*0. 

Anilina Diazoamidobuiizole. 

When the nitrous acid acts upon a hot solution, a base is formed isomeric with the 
above, and called amido-diph^nylimide, which is identical with a yellow colouring 
matter obtained by the action of stauuate of soda upon a salt of aniline. Its 
slightly acid solutions impart an intensely yellow colour to silk or wool, wliich is 
removed by heat, the base being volatile. The action of nitrous acid on aniline 
affords an example of a general method of producing compounds in which nitrogen 
is substituted for hydrogen. 

Accompanying the aniline in coal tar, there are found three other 
bases, viz., pyridine^ pieoUne^ and quinoline. It will be seen that pico- 
line (CgH;N) is isomeric with aniline, from which, however, it ditfers 
in a very striking manner, for its salts are by no moans easily crystal- 
lisable, and it furnishes no violet colour with oxidisiug agents, such as 
chloride of lime. Picoline occurs among the products of the tlistilla- 
tion of bones. Quinoline is also formed when some of the vegetable 
alkaloids are distilled with hydrate of potash. 

328. The other constituents of the light coal naphtha, viz., toluole, 
xylole, and isocumole, though not so important as benzole, on account of 
their practical applications, stand in a highly interesting relation to it and 
to each other. 

These four liquids are members of a homologom eeriee, that is, of a series 
the mmibers of which differ by the same number of atoms of the same 
elements. Thus,, toluole (C,K^ .is seen to coptain CH, more thou ben¬ 
zole (CjHj), just as isocumole (C^H^) contains CH, more than xylole 
(C^]o). On reference to the table at p. 446, it will be seen that the 
boiling points of the members of this ireries are raised 54^* P. for each 
addition of CH,. Thus, xylole (CgH^) boils at 284®, or 64° higher than 
tdluole (G^Hg), which boils at 230°, whilst benzole (CgHg) boUs at 64" 
bdbw this, 
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The members of this ^up are also intimately oonpeotedmth those 
of another homologous series, known as aromatic acids, indu^g— 

Benzoic acid, . . C7H,0, 

Toluic acid, . . CgHgO, 

Cuminic acid, . 

By distilling each of these acids with hydrate of baryta, the correspond* 
ing hydrocarbon is obtained, a molecule of carbonic acid being removed 
by the baiyta; thus, 

CyHjOj (JJenwXc ac<(0 — CO, = (S««ote). 

The similarity between this decomposition and that by which marsh- 
gas (CHj) is derived from acetic acid (C,H,0,) will be at once apparent 
(seep. 95). 

Each member of this series of, hydrocarbons, when acted upon by nitric 
acid, yields a nitro-compound corresponding in composition to nitro- 
benzole, and this, under the influence of reducing agents (such as acetate 
of iron, or the hydrosulphate of an alkaline sulphide) yields a base homo¬ 
logous witli aniline. 

Thus we have the three following homologous scries:— 


Hydrocarbon. 
Benzole, CflHg 
Tolnole, C^Hg 
Xylole, CgHjo 


Nitro-compound. 
Nitrobcnzole, CgHjNO, 
Nitrotoluole, (; 7 H 7 NO.j 
Nitroxylole, C’gHgNC), 


Ua&e. 

AiiiHne, CgHyN 
Toluidiiie, C^HbN 
Xylidiuc*, CgH,jN 


<=^29, Carbolic or phnic acid, or phenole (Cj,IIgOj,), derives its interest 
chiefly from its constituting a great part of the ordinary commercial 
kroasote (from Kpiat, flesh, and orm^w, to iireserve). It is also present in 
cow’s urine, and in that of some other animals. It is found chiefly in 
the heavy or dead oil of coal tar (p. 447), particularly in that portion 
which distils over between 300'’ and 400“ R, when the oil is submitted 
to fractional distillation, and it appears to be the carbolic acid wliich 
confers upon this heavy oil its valuable antiseptic properties, leading to 
its employment for the preservation of wood from decay. 

In order to extract the acid from that portion of the dead oil which distils 
between 800® and 400° F., it is shaken with a hot concentrated solution of hydrate 
of pota.sh and some solid hydrate of potash. A white erystailine mass is deposited, 
which is separated from the liquid poition and treated with a little water, when a 
solution of carbolatc of potiish is obtained. Tliis is separated from a; quantity of 
oil which floats above it, and decomposed w'ith hydrochloric acid, when the carbolic 
acid separates as an oily layer upon the surface, lliis is drawn off, digested with 
a little fhsed chloride of calcium to remove the water, and distilled. The distilled 
liquid, when exposed to a low temperature, solidihes to a mass of long colourless 
needles, whi<;h* are liquefied even by the warmth of the hand (93“ F.). 

Carbolic acid has the peculiar taste and smell of kreasote. It dissolves j 
sparingly in water, but readily in alcohol. When a piece of deal is wetted J 
with solution of carbolic acid, and afterwards with hydrochloric acid, it j 
becomes blue on drying. • 


The genuineness of a commercial sample of carbolic acid may be tested by shak¬ 
ing about a drachm of it with half a pmt of warm water, which will dissolve the 
pure acid entirely, but will leave any “ dead oil” undissolved. A solution of one 
part of caiutic soda in ten pai-ts of water shqpld dissolve five parts of pure carbolic 
acid. 

When carbolic acid is shaken with one-fourth of its weight of water, and exposed 
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to a temperatore of 89“ F., it deposits six-sided prismatic crystals of a ^drate, 
wliich is soluble in water, alcohol, and ether, and fuses at 61’ ”• 

The add properties of carbolic acid are of a very feeble and doubtful character. 
It is more properly regarded asphenylic alcohol or pnenyle hydrate (C,Hb)HO. 

Carbolic a *4 is very largely used as au antiseptic agent. In medicine 
it is found very valuable, especially for the treatment of putrid sores j 
and, i ac mixture with sulphite of lime, it forms the substance known as 
MacDougalVs disinfectant - 

330. Carhazotie acid. —When carbolic acid is boiled with fuming nitric 
acid, the solution, on cooling, deposits beautiful ydlow crystals of carfyi- 
zotic or picric acid, also called trinitroplienic or nitrophenisic acid,Ji3e- 
cause it appears to be formed from phenic acid by the substitution of 
SNOjj for Hj, just £ nitrobenzole is formed from benzole by the substitu¬ 
tion of NOj for H. 

The composition of picric acid, upon this view, would be expressed by 
the formula HCgHj(N0g)80, the atom of hydrogen being capable of dis¬ 
placement by a metal, forming a picrate or carbazotate ,* thus if the acid be 
added to a solution of potash, a yellow precipitate of carbazotate of potash, 
KCgIIj(NOj)j,0, is obtained, which has led to the employment of this 
acid as a test for potash. 

Carhazotie acid is not easily soluble in water, but dissolves readily in 
alcohol. Its solutions have the property of staining the skin and other 
organic matters yellow, which is turned to advantage by the silk-dyer. 
The intensely bitter taste of the acid has also led to its employment for 
the adulteration of beer, to simulate the bitter of the hop. 

Carhazotie acid is a very common product of the action of nitric acid 
upon organic substances; indigo, silk, and many resins furnish it in con¬ 
siderable quantity. It is economically obtained in a pure state by Hie 
action of nitric acid upon Botany Bay gum, but considerable quantities 
are manufactured for the dyer by treating the crude carbolic acid from 
coal tar with nitric acid. ’ Carhazotie acid, os might be anticipated from 
its composition, explodes when sharply heated, its carbon and hydrogen 
being oxidised by the nitric peroxide. # 

When carhazotie acid is distilled with chloride of lime, it yields a heavy 
colourless oil having a very pungent odour of mustard, and boiling at 
248'' F.* This substance has been called chloropicrinef and has the re¬ 
markable formula CCl8(N0„), which may bo represented as formed upon 
the typo of marsh-gas, CH^, in which three atoms of the hydrogen are 
rojilaced by chlorine, and the fourth by nitric peroxide. Chloropicrine 
is frequently met with among the products of the action of chlorinating 
agents upon organic substances. It is almost insoluble in water, but 
dissolves easily in alcohol and ether. 

When an alcoholic solution of chloropicrine is acted on by sodium, it 
, yidds the subcarbonate of ethyle, and when treated with cyanide of potas¬ 
sium, it exchanges two atoms of chlorine for cyanogen, forming an unstable 
dark red semi-fluid substance, having the composition CClCyyriirOj), which 
may be regarded as derived from marsh-gas (CHJ by the substitution of 
. two molecules of cyanogen, one atom ol chlorine, and one molecule of 
nitric x^roxide, for the four atoms of hydrogen. 

^ It will be instructive to compare the comporition of the most important 


• 283“’6 (Hofmann). 
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members of the phmyh a&rim, as that group of oi^nic compoimds is 
termed, which are derived from the hypothetical radical phenyle (CJis)— 


Benzole or hydride of phenyle, 
Aniline or phenylamine, 
Phenic acid, 

Trinitrophenic or picric acid. 


NH,(C,H.) 

H(C,H.)0. 

HLC,H,{H0,)3]0. 


» 9 


It is evident that whilst aniline may be regarded as ammonia in which 
the hypothetical phenyle is substitute for an atom of hydrogen, phenic 
acid can be represented as formed from a •molecule of water by the substi¬ 
tution of phenyle for half the hydrogen, and benzole may be represented 
as a molecule of hydrogen, HH, in which one of the atoms is replaced 
by phenyle. 

Some specimens of the kreasote found in commerce boil at a higher 
temperature than carbolic acid; this is due to the presence of hresylie 
urM (CyHgOj), corresponding to carbolic acid, but regarded as containing 
the hypothetical radical kresyle (C.Hy) in place of phenyle. The analogy 
in composition is attended with a I'esemblance in properties, for kresylic 
acid has the same antiseptic property as carbolic acid, atd is applicable to 
similar ijurposes. When acted on by nitric acid, it yields trinHrohresylie 
acid (I£C 7 H^(NOj)jO), just as carbolic acid gives trinitrophenic acid 
(HCACNOJ^O). 


331. Nuphthaliw .—The most prominent constituent of the heavy oil 
of coal tar is tlie naphthaline, w'hich is easily procured in a pure state from 
the portions obtained at the close of the distillation, by simply pressing 
the semisolid mass to remove any lij^uid hydrocarbons, and boiling with 
alcohol, from which the naphthaline crystallises on cooling in brilliant 
pearly flakes, which may be still further purified by the process of sub¬ 
limation. 

In itself naphthaline is not very interesting, being a remarkably indif¬ 
ferent substance,* but it has beerr rna<le the subject of several beautiful 
investigations which have tlirown much light upon the action of cheurical 
agents on organic compounds in general. 

The most important of these researches is that upon the action of 
chlorine and bromine on naphthaline, which originated the now almost uni¬ 
versally accepted doctrine of substitution, and fully established the fact, 
that an element may be replaced irr a given compound by an equivalent 
quantity of another element of a totally different chemical character. ^ 

Thus, by the action of clilorino upon naphthaline, the hydrogen is re¬ 
moved in the form of hydrochloric acid, and there are obtained six new 
compounds by the progressive substitution of chlorine for the hydrogen, 
which Laurdht distinguished by names indicating the number of atoms 
of chlorine present by means of the different vowels in the last syllable, 
introducing a new penultimate syllable when the vowels were exhausted, 
a^will be seen in the following list:— 


Naphthaline, 

ChlonapbtasG, 

Chlonaphtese, 

Chlonaphtiee, 

Chlonaphtose, 




loHs 
ioHrCl 

OioHbCI, 

OioH.Cl, 

CX0H4CI, 


Chlonaphtuse, 
Chlonajihthalase,. 
Chlonaphthalese, . 
Chlonapbthalise, . 


Wanting 

& 0 H 1 CI, 

wanting 

CjoClg, 


It will be observed that the original naphthaline type is here preserved 


* A new crimson dye, Mngdala, has been pveiwred from naphthaline. 
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tluHni^out, tiie sum of Uie atoms being always 18| and the number of 
carbon atoms 10. 

One of the moat unexpected r^ults of XAurent’s investigation was the 
di^oveiy that some of those compounds may be obtained in several dis¬ 
tinct forms or modifications, which are isomeric, or have the same compo¬ 
sition, but exhibit veiy different properties. Thus, there are seven varieties 
oT ?shlonaphteee, all containing O^HjCl,, and yet differing from each other 
as much as substances not having the same composition. Two of them 
are liquids, and the five solid forms all fuse at different temperatures, 
ranging between 88° and 214° F. Seven different forms of chlonaphtise 
likewise exist, and four of chlonaphtose. 

To account for this, Laurent supposed it to be by no means indifferent 
which particle of hydrogen has been removed from the compound, believing 
each to have its assign^ place and specific function. Thus it may easily 
be conceived that the replacement of different particles of hydrogen by 
chlorine should give the seven modifications of cblonaphtese— 

Naphthaline, 

Gblonaphtese a, G„C1C1HHHHHH 

Cblonaphtese /S, C.oHHClClHHHH, 

and so on. Other more recent investigations have given greater proba¬ 
bility to this hypothesis. 

Bromine, as might be anticipated, yields results similar to those with 
chlorine; but it could not have been predicted that substitution com¬ 
pounds might be obtained in which one part of the hydrogen is replaced 
by chlorine and the other by bromine. Thus, by acting upon a chlorine 
substitution compound with bromine, or vice versa, the following sub¬ 
stances were produced :*— 

Chlorebrouaphtise, OioHgCljBr 

Chlorebroiiaphtose, CioHiCljBi’j 

Chloribronaphtose, CioH 4 CljBr 

Bromechlonaphtuse, UjoHjBrjCij 

Bromachlonaphtose, CioH 4 BrClg 

It will be observed that chloribronaphtose and bromachlonaphtose have 
the same composition, though they possess different properties, and are 
obtained in very different ways, the former being procured by the action of 
bromine on chlonaphtise (Cj^HjClg), and the latter by the action of chlorine 
upon bronaphtese (CjyHgBrg). Mother confirmation is thus obtained of 
the belief, that upon the position of the hydrogen which is replaced, 
depends the character of the resulting compound. , 

Naphthaline is capable of direct union with chlorine to form two 
chlorides of naphthalim, having the formulse CjoHgClg and CjoEEgCl*, 
which may obviously be regarded as composed of substitution products 
combined with hydrochloric acid. • 

When acted upon by nitric acid, naphthaline furnishes three substitu¬ 
tion products, in which one, two, and three atoms of hydrogen are replacd 
by NOg; and each of these compounds, under the influence of reducing 

* In naming tbeae oompounda, Laurent proceeded upon the same principle. The vowel 
liWediately after the syllable mlor- or mim-, indicating the number of atoms of that 
element, whilst the vowel in the last tyllable shows how many atoms of hydrc^n 
have been replaeed- .The name begins with ehlor- when the compound has been obtained 
by t]» ictlnn <tf brominetupon a emorine substitution product, and vice vered. 
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agents, yields a Iwwe, just as niteobenzole, under similar treatment, yidds 
aniline. 

By prolonging the action of boiling nitric acid upon naphthaline, 
and evaporating the solution, ciystals of napJithalic or phfhalic acid^ 
H^CgHjO^, are obtained. Through this acid, naphthaline is connected 
with the phenyle series; for when phthalic acid is heated with lime, it 
is resolved into carbonic acid and benzole— 

HjCgHgO, + 2CaO = C.H, + 2(CaO.COg). 

Phthalic acid. Benzole. 

Moreover, by digesting phthalate of lime with hydrate of lime at an 

elevated temperature for several hours, it is converted into benzoate and 
carbonate of lime— 

2CaCgH,0, + CaO.Hp = Ca(C,HgO,), + 2(CaO.CO,). 

Phthalate of Ume. Benzoate of lime. 

Anthracem or Paranaphthaline, which is found among the last 

products of the distillation of coal tar, differs from naphthaline in being 
almost insoluble in alcohol, and fusing only at 356° F., whilst naphthaline 
fuses at 174° F.* 

Chrysene and pyrene are obtained at the close of the distillation of coal 
tar; they are crystalline solids not possessing any special importance, and 
have also been observed among the products of the destructive distillation 
of fatty and resinous bodies. 

DESTKUCTIVE DISTILLATION OF WOOD. 

332. The destructive distillation of wood may bo advantageously 
studiefi in order to gain an insight into the effects of heat upon organic 
substances comparatively free from nitrogen, just as that of coal may serve 
as a general illustration of the behaviour of nitrogenised bodies under 
similar treatment. 

The principal distinction between the two cases will be found to consist 
in the absence of basic substances from the products of the distillation of 
non-nitrogonised bodies. 

AU varieties of wood (freed from sap) consist essentially of cellulose, 
lignine, and mineral substances or asli. The cellulose (CgHjyOg) com¬ 
poses the wood-cells, and is therefore the most important constituent of 
the wood, the lignine being the material with which these cells are lined, 
and which appears to have a great influenco upon the hardness of woods, 
being more ^undant in the harder varieties, and particularly in such 
hard appendages as nut-shells, lignine is far more easily dissolved by 
alkalies than cellulose, which is scarcely affected by them, but it has not 
hitherto been found possible to isolate the lignine in a state of purity for 
the purpose of determining its exact composition, since it is always accom¬ 
panied in the wood by resibous matters, giving rise to the differences of 
colour in woods, and by a small quantity of nitrogenised matter, and of 
ash deposited with it from the sap. 

The following results of the analysis of several woods will exhibit their 
general correspondence in composition;— 

* 'rh« production of aliairine from anthracene will be noticed hereafter. 



460 


PRODUC3TS FROM WOOD. 


Wood dried in vacuo cd 284° 1. 



Beech. 

Oak. 

Birch. 

Aapeu. 

Willow. 

Carbou, .... 
Hydrogen, . . . 
Oxygen, .... 
Nitrogen, . . . > 

Sulplmr, . . . j 
Ash,. 

49*46 

6*96 

42*36 

1*22 

1*00 

49*58 

6*78 

41*88 

1*23 

2*03 

60*29 

6*23 

41*02 

1*43 

1*03 

49-26 

6*18 

41*74 

0*96 

1*86 

49*93 

6*07 

39*38 

0*95 

8*67 

100*00 

100*00 

100*00 

100*00 

100*00 


Cellulose in a nearly pure condition constitutes cotton, linen, and the 
best kinds of (unsized) paper, since the processes to wWch the woody 
fibre is subjected in the preparation of these materials, destroy and 
separate the less resistant lignine and the matters which accompany it. 

On comparing the composition of wood with that of coal, it will be 
obvious that the large proportion of oxygen in the former mu^ give rise 
to a great difference in the products of destructive distillation. Accord- 
kingly, it is found that water, carbonic oxide, carboiiic acid, and acetic 
acid, all highly oxidised bodies, are produced in lar^ quantity, and that 
thrgaseous products of the distillation of wood bum with far less light 
than those from coal, in consequence of the smaller proportion of the 
heavier hydrocarbons. 

The principal products of the action of heat upon wood are— 

Wood Tar. 


Solids. 


Paraffine, . . 


Pyrene, 


Naphthaline, . CigHg 


Chrysene, 


Cedriret, 


Resin, 


Pittacal, 




Liquids. 



Tolnole, . . CyHg 


P 3 rroligneou 8 or) 


Xylole, . . CgHjg 


acetic acid, > 


Cymole, . . 


Wood naphtha, 

. CH 4 O 

Kreasote, . . CyHgO 


Acetate of niethyle,. CH,.C,HjO, 

Picamar, 


Fonniate of methyle, CH..CHO, 

Kapnomor, . . CjgHnO 


Acetone, 

. CgHgO 

Eupione, . . CjHj, 


Water, 


Oases. 



Marsh-gas, 

• 

• • • 

Of, 

Carbonic oxide. 


• • • 

CO 

Carbonic acid, . 

. 


CO, 


Of these products, by far the most important are the pyroligneous add, 
the wood naphtha, and acetone. „ 

The distillation of wood with a view to the preparation of these sub¬ 
stances, is conducted in Hie manner described in the section on wood 
charcoal (p. 62), when the distillate separates into two portions, the 
l^avier insoluble part constituting the wood tar, whilst the light aqueous 
layer contams tW pyroligneous acid, naphtha, and acetone. 

Dn distQl£llig'>th^ the two last, boiling respectively at 150“ and 133“ 
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F., first distil oyer, and tlien the acetic acid, which hoils at 243° F. The 
acid so obtained, however, is contaminated with tarry matters, which 
communicate the peculiar odour of wood smoke, and adapt it especially 
for the preservation of meat. In order to obtf^ pure acetic acid, this 
crude acid is neutralised with carbonate of soda, and the acetate of soda 
thus obtained is moderately heated to expel the foreign substances. It is 
then further purified by solution in water and crystallisation, and is di/^ 
tilled with sulphuric acid, which converts the soda into sulphate, leaving 
the acetic acid to distil over. 

333. Wood naphtha—Methylie alcohol. —In order to obtain the wood 
naphtha (or pyroUgveom ether, or wood spirit, or pyroxylic spirit), the 
portion whi<^ distils over below 212 ° F. is rectified in a still containing 
chalk, which retains the acetic acid as acetate of lime. 

The .wood naphtha so obtained generally consists chiefly of methylie 
alcohol (CH 4 O), but contains also acetone, acetate of metbyle, and certain 
oily substances which impart to it a peculiar odour, and cause it to be¬ 
come milky when naxed with water. Wood generally yields about one 
part of naphtha to twenty of acetic acid. In order to obtain tlie pure 
methylie alcohol, chloride of calcium is dissolved to saturation in the 
crude wood spirit, when a definite crystallisable compound is formed, of 
4 molecules of methylie alcohol and 1 of chloride of calcium, CaClj.4CH^O. 
This is heated in a retort, placed in a vessel of boiling water, as long as 
any acetone and acetate of methyle pass over, the above compound not 
being decomposed at 212* F. An equal weight of water is then added 
to the residue in the retort, and the distillation continued, when the 
methylie alcohol distils over, accompanied by water, and the chloride of 
calcium remains in the retort. Tlie diluted methylie alcohol is digested 
for some time with powdered quick-lime, and again distilled, when it is 
obtained in a state of purity. 

The useful applications of crude wood naphtha depend upon its burning 
with a nearly smokeless flame in lamps (though as a source of heat only, 
not of light), and upon its power of dissolving most resinous substances 
employed in the preparation of varnishes, stifiening for hats, &c. 

Methylie alcohol is the first member of the very important homologous 
series of alcohols, of which ordinary alcohol or spirit of wine is the type, 
and the consideration of which may be postponed until the chemical 
history of that alcohol shall have been studied. The designation of 
methylie alcohol supposes the existence in the pyroligneous spirit of a 
compound radical methyle* (CHj), of which methylie alcohol is the 
hydrate, (CHs)HO. This view is by no means unsupported by experi¬ 
mental evidence; for if wood spirit be distilled with four parts of con¬ 
centrated sulphuric acid, it yields a gas, the composition of which is 
represented by the formula, {CKXO, and this may be regarded as the 
oxide of methyle. Again, if wood spirit be distilled with iodine and 
pho*q)horu 8 , the hydriodic acid formed ^ee p. 179) acts upon the hydrate 
of methyle, producing the compound CHgl, iodide of methyle. When 
this is heated in contact with zinc, iodide of zinc is produced, and a gas, 
having the composition CH 3 , which is that of the radical methyle, is 
obtained. (This important question of compound radicals will be more 
fully discussed hereafter.) 

• Prom uiBu, wine ; BXtj, wood. The terminatiou ~yle is generally "bestowed upon com¬ 
pound radirals, because S\ri is put metaphorically for maiter. Thus, ethyle is meant to 
imply the matter from which ether compounds are derived. 
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A sulphide, bisulphide, chloride, bromide, and cyanide of melhyle, mfty 
also be obtained, as well as compounds of the oxide of methyle with sul¬ 
phuric, nitric, acetic, &c., acids. The methyle series is, in i^t, perfectly 
parallel with the ethyle series, the members of which are far more im¬ 
portant, and will therefore be more particularly considered hereafter. 

One of the most interesting compounds derived from wood spirit is the 
mlieylate of ‘tnethyle, or oil of winter green (CH^.C^HgOj), which is ex¬ 
tracted from the flowers of the Gaultheria procumhensy and was one of 
the first vegetable products to be prepared artificially by the chemist. It 
is obtained by distilling wood spirit with sulphuric acid and salicylic acid 
(HCyHgOj), the latter acid being formed by the action of fused hydrate of 
potash upon the salicine (CigHjgOy) extracted from willow bark. 

It will be noticed that iheformiate of methyhy CHi,.CHOj, would have 
the same composition as acetic acid, HC-^HgOg, though they are very dif¬ 
ferent in constiiuliou. An excellent illustration is here affordedr of the 
distinction between an empirical and a rational formula, the former 
simply denoting the composition of a substance, without regard to the 
arrangement of its components, which is always indicated by the rational 
formula. Thus, the empiric^ formula of acetic acid, as well as of 
formiate of methyle, is CgHgOj, but the rational formula of the latter is 
CHyCHOj, showing it to be derived from formic acid (CH^Og), whilst the 
rational formula of acetic acid is IlCjH/);,. Such compounds are often 
said to be vmtameric, the term isomeric being usually applied to com¬ 
pounds having the same composition, but which are not known to possess 
a different constitution, such as oil of turpentine and many of the essen¬ 
tial oils. 

334. Paraffim (C,H 2 j„.j) is a beautiful, semi-transparent, waxy sub¬ 
stance, which distils over with the last portions of the tar from wood, and 
may be obtained in larger quantity by distilling peat, as well as from the 
mineral known as Boghead cannel. It is also found abundantly in the 
petroleum or mineral naphtha imported from Rangoon. 

In order to extract the paraffine from wood tar, advantage is taken of 
its great resistance to the action of most chemical agents,* for which pur¬ 
pose the later portions of the distillate are moderately heated with con¬ 
centrated sulphuric acid, which decomposes and chars most of the 
substances mixed with the paraffine, and allows the latter to collect as 
an oily layer upon the surface; this is allowed to cool and solidify, when 
it may be purified by pressure between blotting paper, and solution in a 
hot mixture of alcohol and ether, from which it is deposited, on cooling, 
in brilliant plates. 

Paraffine fuses at 110° F., and may be distilled at a higher temperature; 
it bums, like wax, with a very luminous flame, and is employed as a sub¬ 
stitute for wax in the manufacture of candles. It is insoluble in water, 
and dissolves sparingly in alcohol, ether being the best solvent for it. 

It will be seen from the formula above given for paraffine, that the 
exact number of atoms of carbon and hy<|rogen contained in it is 
unknown, since it does not form definite compounds with other sub¬ 
stances, and thei^efore its exact molecular weight cannot be ascertained; 
it is known, however, to belong to the marsh-gas series. 

The substance known as paraffim oil, which is used for lubricating 
Machinery, is this less volatile portion of the hydrocarbons obtained by 

• TcwMoli it owes Its natne, from parum, Utile; affinis, oMied, 
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the destructive distillation of Boghead cannel (found at Bathgate, nyar 
Edinburgh). The more volatile portion of the hydrocarbons so obtained 
is employed for illuminating purposes. 

Acetone will be described hereafter. 

Of the other prodncts of the destructive distillation of wood enumerated at p. 460, 
some have been described amongst the products obtained from co^, and the remainder 
have been but little studied, and have not received any useful application. * 

Eupione (C^Hj,) is a liquid lighter than water, and boiling at 116** F. 

Kapnomor is an oily liquid, which boils at 360°. 

Picaroar is another oily liquid, heavier than water. 

Cedriret is a red crystalline substance. 

Pittacal is a blue solid. 

Stockholm tar is collected during tho carbonisation of pine wood, con¬ 
taining a largo quantity of resin, the tar running oiF through an aperture 
at the lower part of the pit, in which the imperfect combustion of the 
wood is carried on. It differs from ordinary tar in containing large quan¬ 
tities of resin and turpentine, the latter being separated from it by distil¬ 
lation, and the residue constituting the pitch of commerce. 

Petroleum .—There are found, in different parts of the earth, generally 
in or near tho coal-formations, several solid or liquid hydrocarbons, pro¬ 
bably formed during the conversion of vegetable remains into coal, some 
of which have received useful applications. 

The Rangoon tar has already been noticed as containing a considerable 
quantity of paraffine; the liquid part of this tar, after distillation and 
treatment with oil of vitriol to remove hydrocarbons of the benzole series,* 
is the liquid in which potassium and sodium are preserved; it is com¬ 
monly called petroleum or rock-oil, and appears to be a mixture of several 
hydrocarbons. Petroleum is also employed occa.sionally as a solvent for 
caoutchouc and resinous substances. In the neighbourhood of the Cas¬ 
pian sea there are several springs from which rock-oil flows, together with 
water, from the surface of which it is skimmed and sent into commerce. 

American petroleum .—Within the hast few years abundant supplies of 
petroleum have been obtained from wells and springs in Pennsylvania 
and Canada, and the demand for it to serve as an illuminating agent, and 
for the lubrication of machinery, lias created a. new branch of commerce, 
giving rise to the rapid growth of " oil cities” in the neighbourhood of the 
wells. These rock-oils have a very peculiar unpleasant odour, and appear 
to consist chiefly of hydrocarbons belonging to the homologous series of 
which marsh-gas (CH J is a member. Thus, the Pennsylvanian petroleum 
has furnished the hydrocarbons, CjRg, CgH,g, 

In addition to these, the hydrocarbons, Cj„II^, homologous 

with olefiant gas (CjHJ, have been obtained from it. Some of the mem¬ 
bers of the benzole scries appear also to be present in the Canadian 
petroleum. 

The mineral substance known as bitumen or asphaltum contains a 
hydrocarbon, apparently isomeric with oil of turpentine, together with a 
resinous substance, and a black matter resembling pitch, and containing 
oxygen. It is employed for making water-proof cements and hlacdc var- 
Tiiab fla, being dissolved for this purpose in turpentine. 

Bituminom shale, when distilled, furnishes products which, as far as 
they are known, are closely allied to those obtained &om wood and coaL 

• These hydrooarhons, when treated with oil of vitriol, form acids which are soluble in 
water. I^ns benzole'is converted into mlphobemolic acid, HC,H,.SO,. 
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Oil op TnRPBimNB and Substances Allied to it. 

386. Turpentine is the generic name given to the viscous exudation 
obtained by incising the bark of various species of pine. Several varieties 
of turpentine are met with in commerce, of which the two best known 
are the common turpentine which is obtained from the Scotch fir, and 
Venice turpentine from the larch. 

These are both solutions of colophony or common rosin OJ in 

the essential oil of turpentine and when distilled, yield ftom 

76 to 90 per cent, of rosin, which remains in the retort, and from 26 
to 10 per cent, of the essential oil, commonly sold as apiriU of turpentine. 

This essence of turpentine boils at 320" F., and floats upon water (sp. 
gr. 0*864), in which it is very sparingly soluble, its proper solvents being 
alcohol and ether. Its great inflammability renders it useful as a fuel for 
lamps, but the large proportion of carbon which it contains causes it to 
bum with a smoky flame, rendering it necessary either to employ lamps 
constructed especially to aftbrd an extra supply of air to the flame, or to 
mix it with a certain proportion of alcohol. Camjjhim is distilled from 
the turpentine of the Boston pine. 

The property of turpentine to dissolve resinous and fatty substances 
renders it exceedingly useful in the preparation of paints and varnishes, 
and for the removal of such substances from fabrics. It is also an excel¬ 
lent solvent for caoutchouc. 


One of the most remarkable features of this essential oil is the facility with which 
it changes into isomeric or metameric modifications, exliibiting great difierences 
in their physical and chemical properties. 

When heated in a closed vessel to about 480” F. for some hours, oil of turpentine 
is converted into two isomeric modifications differing greatly from the original oil in 
the temperature at which they boil; for whilst oil of turpentine distils over entirely 
at 320® F., one of these modifications, known as isotn-cbenUume, boils at 850° F., and 
the other, metaterebmith.cne, at 660°. 

When digested, in the cold, with a small proportion of oil of vitriol, oil of tur¬ 
pentine yields tereftcne and colopJicne, the former boiling at 320° F., but differing 
from oil of turpentine in its odour, which resembles thyme, and in its want of action 
upon polarised light. 

Colopbene has a far higher boiling point (600°), and is ranch heavier than tur¬ 
pentine (sp. gr. 0*940), from which it is also distinguished by its indigo-blue colour 
when seen obliquely, though it is colourless by directly transmitted light More¬ 
over, the specific wavity of the vapour of colopbene is 9*52, whilst that of turpentine 
is 4*78, or one-halt that of colopbene, rendering it probable that if fhe composition of 
turpentine be (= 2 vols.), that of colopbene is (= 2 vols.), a relation 

expressed by saying that colopbene is polymtrie with turpentine. Colopbene is also 
obtained by the distillation of colophony. 

The ordmary oil of turpentine anpears to be really iteelf a compound of two 
isomeric hydrocarbons, for when hydrochloric acid gas is passed into it, two distinct 
isomeric compounds are formed, both expressed by the formula, Cji,Hig.HCl, but one 
being a solid, and the other a liquid even at 0° P. 

The solid compound, which is known as artificial camphor or hydro<^loraie of dadyle, 
forms white prismatic crystals very similar to camphor, and when its vapour is 
passed over heated quick-lime, the latter removes tiie hydrochlorio acid, and the 
hydrocarbon known as camphUene or dadyle (}f (, a pine-torch) is obtained, which is 
isomeric with oil of turpentine, but boils at 273“ instead of 820° F., and is without 
any action upon polarised light *- 

^e li(]^nid compound formed by the action of hydrochloric acid upon oil of tur¬ 
pentine is called hyd/ro^lonUe of peueyle; and when distilled with quick-lime yields 
terMlem or pemyle (me'ae, the ^ne)^ also isomeric with oil of turpentine, but without 
^ action on polarised light. 

Althou^ oil of turoentine is not miscible with water, it is capable of forming 
three compc^d$ with it in different proportions. When the oil is long kept in 
contact with wafer, crystals are deposited which have the compbsition C](,H,e.8H,0 ; 
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boiling water diseolves these, and deposits them in a prismatic fcncm on cooling. The 
crystads fhse at about 217° F. ; and when further heated, lose a moleenle of* water 
yielding another crystalline hydrate, which sublimes without alteration at about 
480° F. When exposed to the air this hydrate again absorbs a molecule of water. 

By distilling the aoueous solution of either of the preceding hydrates with a 
little sulphuric acid, a liquid hydrate smelling of hyacinths is obtained | it contains 
(CioHig) 2 H, 0 , and is called terpinoU. 

• 

When oU of turpentine is exposed to the air, it slowly becomes solid, 
absorbing oxygen, and becoming converted into resinous bodies. 

Common rosin or colophony *—^This substance is composed of two 
isomeric acids known as sylvic and pinic. When common rosin is treated 
with cold alcohol, the greater portion of it is dissolved; and' if the 
alcohol be evaporated, it leaves an amorphous substance, wMch is pinic 
acid. The residue, left imdissolved by cold alcohol, is dissolved by hot 
alcohol, and deposited in colourless prisms, which are sylvic acid. These 
acids have the composition HCjoHjgOj. The pinate and sylvate of soda 
obtained by dissolving rosin in solution of soda or carbonate of soda, are 
largely used in the manufacture of yellow soap, and of the size for paper- 
makers. By distilling common rosin with the aid of superheated steam, 
it is obtained nearly free from colour. 

336. The turpentine series of hydrocarbons .—Oil of turpentine is the 
representative of a large class of hydrocarbons, derived like itself from 
the vegetable kingdom, and aU having a percentage composition corres¬ 
ponding to the formula All the individuals of this group resemble 

turpentine in their liability to suffer conversion into isomeric modifica¬ 
tions, in their solidification by absorption of oxygen when exposed to 
the air, in their combination with water to form crystalline hydrates, and 
above all, in their tendency to form artificial camphors by combining with 
hyvlr^Jiloric acid. 

The oils of hergamotte, birch, camomile, carraway, cloves, hops, juniper, 
lemons, orange, parsley, pepper, savin, tolu, thyme, and valerian, contain 
the same hydrocarbon CmH,*, generally accompanied, in the natural oil, 
by the product of its oxidation, bearing a relation to the hydrocarbon 
similar to that which colophony bears to turpentine. 

These essential oils are generally extracted from the flowers, fruit, 
leaves, or seeds, by distillation with water, the portion of the plant 
selected being suspended in the still by means of a bag or perforated 
vessel, so that there may be no danger of its being scorched by contact 
with the hot sides of the still, and so contaminating the distillate with 
empyreumatio matters (ifimptvm, to scorch). The water which distils over 
always holds a little of the essential oil in solution, and it is in this way 
that the fragaant distilled waters of the druggist are obtained. When the 
essential oil is present in large proportion, it collects as a separate layer 
upon the surface of the water, from which it is easily decanted. The oil 
which is dissolved in the water may be separated from it by saturating 
the liquid with common salt, when the oil rises to the surface, or by 
shaking it with ether, which dissolves the oil and separates from the 
water, the ethereal solution floating upon its surface, and leaving the oil 
when the ether is evaporated. 

In cases like that of jasmine, where the delicate perfume of the flowed 
would be injured by the heat, the flowers are pressed between woollen 

2 Q 


* Colophon, 8 city of Ionia. 
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elo&B Bocuiated witti oil of poppy seeds, which thus acquires a powerful 
odour of the flower. 

Bisulphide of carhon is also sometiineB employed as a solvent for extract¬ 
ing the essential oils. 

(HI of p^ermini contains a hydrocarbon called mmthene (CjoH^; 
^sence of c^ar-wood contsans cedrene (G^gHjg). 

337. Camphors .—Closely allied to the essential oils are the different 
varieties of camphor, which appear to be formed by the oxidation of 
hydrocarbons corresponding to the essential oils. 

Common camphor (CipH^O) is found deposited in minute crystals in 
the wood of the Lauras camphora or camphor laurel, from which it is 
obtained by chopping up the branches and distUling them with water in 
a rtill, the head of which is filled with straw, upon which the camphor 
condenses. It is purified by subliming it in large glass vessels containing 
a little lime. 

Camphor passes into vapour easily at the ordmaiy temperature of the 
air, and is deposited in brilliant octahedral crystals upon the sides of the 
bottles in which it is preserved. It fuses at 347° F., and boils at 399* F., 
and is very inflammable, burning with a bright smoky flame. It is some¬ 
times dissolved in the oil used for the lamps of magic lanterns, to increase 
its illuminating power. Camphor is lighter than water (sp. gr. 0*996), 
and whirls about upon its surface in a remarkable way, dissolving mean¬ 
while very sparingly (1 part in 1000), alcohol and ether being its appro¬ 
priate solvents. 

When distilled with anhydrous phosphoric acid, camphor loses a molecule of water, 
and yields the hydrocarbon cymole (CxoHj^) homologous with benzole. 

Borneo ca mph or (CxaHigO) is obtained from the exudation of the Dryolalaw^s 
eaniphora. ynxea. this exudation is distilled, a hydrocarbon called horneim (CjoHj,), 
isomeric with oil of turpentine, first passes over, and afterwards the camphor, which 
is neither so fusible nor so volatile as^ordinary camphor, and emits quite a different 
odour; it also crystallises in prisms instead of octabedi^ and may be converted 
into ordinary camphor by the action of nitric acid, which oxidises two atoms of 
hydrogen— 

(Bonuo camphor) — H, s= Ci Jlif) (Common camphor). 

The Borneo camphor appears to have been formed by the combination of bomeine 
with water, for if tms hydrocarbon be distilled with solution of potash, it combines 
with a molecule of water, and is converted into the camphor. On the other hand, 
when Borneo camphor is distilled with anhydrous phosphoric acid, it loses a molecule 
of water, and yields bomefene. It is interesting to remark that this hydrocarbon is 
also found in the essential oil of valerian. 

The oil of camphor which accompanies the camphor distilled from the camphor 
laurel, contains an atom of oxygen less than common camphor, its formula being 

(CxoH„),0. 

338. Balsams .—The vegetable exudations known as balsams are mix- 
tuies of essential oils with resins and acids probably produced by the 
oxidation of the oils. 

Balsam of Peru contains an oily substance termed oinmmdne 
a crystidlinehody, styracine (C^HgO), a crystalline volatile acid, 
the cinnamic (C,H^O^, and a peculiar resin. « 

Balsam of Tolu also contains cinnamic acid and styracine, together 
with certain lesms, which app^ to have been formed by the oxi^tion 
of styracine. 

JStorax, also a balsamic exudation, contains the same ssihstances, acoom- 
ptfflied a peculiar hydrocarbon, which has been named styrole, and has 
tliis composiiiieip PMr liquid is characterised by a remarkable 
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change which it undeigoes when heated to about 400** ilg'., being converted 
into a colourless,solid, metastyrokt which is polymeric with styrol^ into 
which it is reconverted by distillation. 


339. Eesim. —Colophony is the best known member of the class of 
resins, which are generally disringuished by their resinom appeacancey 
fusibility, i n flammability, burning with a smoky flame, insolubility in 
water, and solubility in alcohol 

As to their chemical composition, they are all rich in carbon and hydro¬ 
gen, containing generally a small proportion of oxygen, and appear to 
have been formed, like colophony (p. 466), by the oxidation of a hydro¬ 
carbon analogous to turpentine. 

Most of the resins also resemble colophony in their acid characters, 
their alcoholic solutions reddening blue litmus paper, and the resins 
themselves being soluble in the alkies. This is th^e case with smdarach 
and gimiamm resin, the former of which contains three, and the latter 
two, resinous acids. 

Copal appears to contain severe resins, some neutral and some acid, 
and is distinguished by its difficult solubility in alcohol, in which it can 
be dissolved only after long exposure to the vapour of the solvent; but 
if it bo exposed to the air for some time, at a moderately high tempera¬ 
ture, it absorbs oxygen, and becomes far more easily soluble. Copal is 
readily dissolved by acetone. Animi and chmi rosins are somewhat 
similar in properties to copal. 

All these resins are used in the manufacture of varnishes. 

Guaiacum resin is distinguished by its tendency to become blue under 
the influence of the more refrangible and chemically active (violet) rays 
of the solar spectrum, as well as under that of certain oxidising agents, 
such as chlorine and ozone. 

Lac, so much used in the arts, belongs to the class of resins, being the 
exudation of certain tropical trees punctured by an insect. In its crude 
natural state, encrusting the small branches, it is known as stick-lae, and 
has a deep red colour ; when broken off the branches and boiled with 
water containing carbonate of soda, it famishes a red colouring matter, 
very largely used in dyeing, leaving a resinous residue termed seed-lae, by 
fusing wliich the shell-lac is obtained. This resin is very complex, con¬ 
taining several distinct resinous bodies. It is largely used in the manu¬ 
facture of hats, of sealing-wax, and of varnishes. The lacgtcer applied to 
brass derives its name from this resin, being an alcoholic solution of 
lac, sandarach, and Venice turpentine. Indian ink is made by mixing j 
lamp-black with a solution of 100 grains of lac in 20 grains of borax and j 
§ ounces of waiter. 

^ Amber, a fossil resinous substance, more nearly resembles this dus of 
bodies ^ban any other, and contains several resinous bodies. It is distin¬ 
guished by its insolubility, for alcohol dissolves only about one-eighth, 
and ether about one-tenth of it After fusion, however, it becomes soluble 
in alcohol, and is used in this state for the preparation of vami^M. 

The distinguidung peculianty of amber is, that it yields succimc ax/id, 
ILaH .04 (mccinum, amber), when digested with alkalies, filled, or 
oxidised by nitric acidin the latter case ordinary camphor is formed at 
the same time. 

Succinio acid is also found in some of the resins of coniferous trees, wd 
in the leaves of the wormwood. It is among the products of the action 
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of nitric acid upon most fatty and waxy substances, and is present in 
wines and other fermented liquors, being produced during the fermenta¬ 
tion of sugar. The acid is clmracterised by the cough-provoking vapour 
which it emits when heated.* 

Varnishes are prepared by dissolving resins in alcohol, or wood spirit, 
or acetone,+ a little turpentine or some fixed oil being added to prevent 
the resin from cracking when the solvent has evaporated. In order to 
promote the solution of the resin, it is usually powdered before being 
treated with the solvent, and mixed with coarsely powdered glass to pre¬ 
vent it from becoming lumpy. Methylated spirit is now veiy generally 
used for the preparation of varnishes; it is simply spirit of wine, to whidb. 
a little wood naphtha has been added, to deter persons from drinking 
it, and to prevent other'frauds upon the Excise. 

Benzoin, or gum benzoin, as it is erroneously caUed, is* also a vege¬ 
table resinous product, and is distin¬ 
guished by the presence of henzoic 
acid (HCyHjOj), which may be ob¬ 
tained from it by heating the resin 
in an iron or earthen vessel (fig. 287) 
covered with a perforated sheet of 
stout paper, over which a drum or 
cone of paper is tied. When the heat 
of a sand-bath is apjdied, benzoic acid 
rises in vapour, and is condensed in 
beautiful leathery crj'stals in the 
paper drum. It may also be ex¬ 
tracted by boiling the resin with water 
and lime, when the benzoic acid is 
dissolved in the form of benzoate of 
lime Ca(C,H 50 j) 2 , and being but sparingly soluble in water, may be pre¬ 
cipitated by adding hydrochloric acid to the filtered solution. 

Benzoic acid is generally recognised by its feathery appearance and 
peculiar agreeable odour, though this does not really belong to the acid, 
but to a little essential oil which is not easily separated ; the vapour of 
the acid itself is very irritating and produces cougliing. It fuses when 
moderately heated, and bums with a smoky flame. Benzoic acid dissolves 
in about 200 parts of cold and 25 parts of boiling water. Alcohol and 
ether dissolve it easily. 

The salts of benzoic acid, or benzoates, have no practical importance, 
but the behaviour of benzoic acid when distilled with an excess of lime 
or baryta has already been referred to as furnishing that important hydro¬ 
carbon, benzole (see p. 455). • 

Oil of Bitter Almonds, and its Derivatives. —-Benzoyle Series. 

340. Benzoic acid results from the oxidation of the essential oil of 
bitter almonds (C,HgO), which slowly absorbs an atom of oxygen from 
the air, and is converted into benzoic acid (C,HgO,). 

* Succinic add luts been obtained artificially by the action of cyanide of potaseimn npon 
a solution of chloropropionic add; 

C,H,ClO, + KCN + 2H,0 = C,H,0, + Kd -K NH,. 

. Chloropropionic. Succinic. 

- ,+ Acet^iri "Sadily dissolves copal, mastic, and sandaracb. 

A 



Fig. 287. 
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The format/ion of the essential oil of hitter almonds is one of the most 
interesting processes of vegetable chemistry. 

Both the bitter and the sweet almond contain a large quantity of a 
fixed oil, which may be extracted from them by pressure, but which lias 
no particular taste or odour, and differs entirely from the essential oil of 
bitter almonds, being, in faci^ very similar to ordinary olive oil The 
residue, or almond-cake, which is left after expressing the oil, contains, in 
the case of the bitter almond only, a bitter principle, amounting to about 
ifVth of the weight of the almond, which may be extracted from the cake 
by hot alcohol, and may be cryst^ised from the solution j this substance 
is called amygdaline^ and is represented by the formula CguHjyNOjj, the 
crystals containing, in addition, three molecules of water. 

Now, if the residue left after extracting the amygdaline with alcohol 
be mixed with water and distilled, it does not yield any essential oil, 
although this may bo obtained in abundance from the original cake after 
maceration in water, particularly il‘ it be digested with water for several 
hours before distillation. 

The sweet almond, which contains no amygdaline, does not afford any 
essential oil when distilled with water, sliowing that the amygdaline is 
really the source of tlie essence. Again, if boiUug water be poured over 
the bitter almond cake, no essential oil is produced, even when the mix¬ 
ture is allowed to stand for some time, but if to this mixture there be 
added an emulsion of sweet almonds prepared with cold water, the bitter 
almond oil is at once formed, which is not the case, however, if the emul¬ 
sion be prepared with boiling water. 

From this it is evident that a substance exists in both sweet and bitter 
almonds which is ca])able of developing the essence from the amygdaline 
contained in the latter, but which loses its power when acted upon by 
hot water. This may be stUl further proved by dissolving pure amygda¬ 
line in water, and adding an emulsion of sweet almonds, when the essence 
is at once produced. 

When the emulsion of sweet almonds is filtered and mixed with alcohol, 
a white substance resembling albumen is precipitated, which eontains 
carbon, hydrogen, nitrogen,* and oxygen, and very easily putrefies when 
exposed to the air in a moist state. If this substance, which is called 
emuhine or ayuapfase (oT/mwrw, to hring into action), be dissolved in cold 
water, and mixed with a solution of amygdaline, the oil of bitter almonds 
is soon formed in abundance, but if the solution of emulsine be boiled, it 
is no longer capable of developing the essence. On examining the solu¬ 
tion of amygdaline in which the essential oil has been produced by the 
action of emulsiue, it is found to contain, in addition, hydrocyanic acid 
(CHN), grape-sugar (C,,H„0,), and formic acid so tliat the 

decompositicAi may be thus represented— 

2C^H^NOu = 4C,H„0 + 2CHN + -f- 4CH,0, + 3H,0. 

AmygdiClno. Hyd^jranlc Q^peBusar. 

The formation of the essential oil of bitter almonds must be regarded, 
therefore, as dependent up^n a species of fermentation or metamorphosis 
of the bitter principle amygdaline, induced by contact with an albuminous 
su^tance, emulsine, itsdf very prone to undergo decomposition when 
exposed to air in the presence of moisture. 

This essential oil may also bo obtained from laurel leaves, and frgm the 
kernels of most stone fruit. 
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Whenttifi dll of titter dbnonds is distilled over, it is accompanied by 
the hydrocyanic acid formed at the same time, and it is tibm which rfih- 
dersthe ordinary commercial oil so powerful a poison, for if it be purified 
by distillation from a mixture of lime and chloride of iron (sto Prussian 
blu6)f which retains the hydrocyanic acid, it becomes comparatively harm¬ 
less. A better process for obtiwing the pure oil of bitter almonds con¬ 
sists in flhaMng the crude oil with an equal volume of a strong solution 
of bisulphite of soda, with which it forms a white crystalline compound. 
If this be distilled with solution of carbonate of soda, the pure oil passes 
over. 

The poisonous properties of laurel-water, and similar preparations, are 
also due to the presence of hydrocyanic acid. 

The crude essential oil of bitter almonds also contains a crystalline substance called 
ienzoine which is interesting as being polymenc with the essence, into 

which it may tw oonveited by passing its vapour through a red-hot tube. The crude 
oil may be entirely converted into this substance by shaking it with an alcoholic 
solution of potash. 

When the pure essential oil of bitter almonds (CVH^O) is acted upon by dry 
chlorine, it evolves hydrochloric acid, and becomes converted into a colourless liquid, 
having an odour of horse-radish, and containing C,HgC10, an atom of hydrogen 
having been removed, and its place filled by an atom of chlorine. If this liquid be 
acted upon by the bromides, iodides, cyanides, or sulphides of the metals, the 
chlorine is removed in its turn, the vacancy being filled up by bromine, iodine, 
cyanogen or sulphur, compounds being obtained which have the formulse— 

CyHgBrO, CjHjIO, C,H,CyO, (C,H.O)gS. 

When boiled with water, this chlorine compound is converted into benzoic acid—- 
CjHjClO + HjO = C,n,Oj.H + HCl. 

On comparing the composition of these compounds with that of the essential oil 
from which they are derived, our attention is c^ed to the existence of 0711,0 in fdl 
of them— ' 

Oil of bitter almonds, . (C,H,0)II 

Benzoic acid, . . . (C’yHjOlHO 

Chlorine compound, . (CjHjOjCl 

Bromine „ . . (C7H,0)Br, &c. 

This circumstance led many chemists to assume the existence in these compounds 
of the radical hemoyle (C 7 H, 0 ), capable of playing the part of an elementary sub¬ 
stance in uniting with oxygen, chlorine, &c., and therefore resembling the elements 
in its chemical tendencies, from which resemblance it is spoken of as a quasi-element 
or compound radical 

If this radical be represented by Bz, the formation of the members of the benaoyle 
aeries from oil of bitter almonds vw be simply and easily traced. 


on of bitter almonds, hydride ofbcmyyle^ 

BzH 

Benzoic acid, benzoyle hydraUt 

BzHO 

CJdoridk of benzoyle^ .... 

BzCl 

Bromide ,, .... 

BzBr 

Iodide ,, .... 

Bzl • 

Cyanide „ .... 

. BzCy 

Sulphide ,, .... 

BZgS 


The radical benzoyle itself has been recently obtained in' a separate state by the 
action of sodium on chloride of benzoyle. It forms prismatic crystals, which fuse 
easily, and may be sublimed without decomposition. ^ They are sparin^y soluble in 
alcohol and ether. The formula C^HgO should he doubled to express correctly a 
molecule of this radical (see Alcohol radicals). 

It will be noticed that benzoic anhydride fy not included in the above enumeration 
of the benzoyle series. This compound, which may be represented as Bz,0, or 
(C 7 H|)gO, is obtained by heating benzoate of soda with chloride of benzoyle— 

N^aBzO -f- BzOl = NaCl 4- BZgO. 
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Tbia saljstaitoe has ao acid nropertiea whatever. It doee not disedve in 
Water, bat if boiled with wate^ u dowly converted into benzoic ^ 

When oil of bitter almondi ia decompoaed by hydrate of potadi dissolved in 
alcohol, it yi^ bemoic alcohol (C^HgO), which will be more xmrticalarly noticed 
hereafter. 


841. Yery dosdy connected with the essential oil of bitter almonds are the esaencas 
of cinnamon and cassia, which consist chiefly of an oxidised essence, represented 
by the formula CgHgO, and convertible by boiung with nitric add into tixe essence 
of almonds. By heating the essence of cinnamon with hydrate of jiotesh, it^ 
oxidised and converted into cinnamate of potadr— 


CgHgO + KHO = KC,H,0, + H,. 
OUofctaiuuaon. 


On dissolving this salt in water, and adding an add, the dmamie add is precipi* 
tated in feathery flakes, dosely resembling benzoic acid, both in appearance and 
chemical characters.* 

The same reasons exist as in the case of the benzoyle series, for aamiining the 
existence in the compounds derived from oil of cinnamon of the radical dnnamyUf 
C 9 H 7 O, so that the oil of cinnamon would be a hydride of cinnamyle (CgHjOjlT, and 
cinnamic acid the cinnamyle hydrate (CgH^OlHO. 

JUsscntial oil of cummin is a mixture of the hydrocarbon cymole (CjaHm), which has 
been already noticed, with an oxidised essence, wMch ia closely analogous 

to those of almonds and cinnamon, and is calleu. hydride of ewmyU (UipHuO)H; 
when acted upon by oxidising agents it yidds cuminic add (HdoHnO,), wMch 
resembles benzoic acid, but is du^cterised by an odour similar to '^t of the bug. 
From the hydride of cumyle an oily compound has been obtained, which is poly* 
meric with the supposed radical cumyle, having the composition CjoHnOi, and tl^t 
it is really com|)osed of a double molecule of that radical is rendered very probable 
by its behaviour when fused with hydrate of potash, its hydrogen converting one 
molecule of cumyle into hydride of cumyle, whilst its oxygen converts the other into 
cuminic acid— 


C,oH„0, + KHO = (C,„H,iO)H + K(C,oH,iO)0. 

Cuminate of potasli. 


The essential oils of aniseed, fennel, and tarmyon contain, in addition tea ^dro- 
carbon isomeric with turpentine, a solid ciystalline oxidised essence (CjjHjjO) 
isomeric with the hydride of cumyle. That this substance is not hydnde of cumyle, 
however, is at once proved by the action of oxidising agents, which convert it mto 
hydride of anisyle (t'gHyOj)!!, and ariisie acid, HCgHyOg, the latter being isomeric 
with wintcr>green oU (see p. 462). 

342. Salicine and its dehivatives—Glucosides.— Oil of or 

meadow meet, consists chiefly of the compound (CyH^Oj) isomeric with 
benzoic acid; this compound is easily obtained artificially by the oxidation 
oisalicine, a bitter substance extracted from willow bark, by boiling it in 
water, removing the coloring matter and tannin from the solution by 
boiling with hydrated oxide of lead, precipitating the excess of load by 
hydrosulphuric acid, and evaporating the filtered liquid, when the salicine 
crystallises out, and may be obtained by recrystalHsing from alcohol, 
in beautiful white needles having the composition C,jH,gO,. 

Salicine is sparingly soluble in cold water and insoluble in ether, but 
dissolves readily in boiling water and in alcohol It is readily distin¬ 
guished by the red colour which it gives with concentrated sulphuric acid, 
which manifests its presence when applied to the inner hark of the willow. 
When distilled with dilqjto sulphuric acid and bichromate of potash, it 
yields the oil of spirma. 

The changes sufiTered by salicine when boiled with a dilute mineral acid (as sul¬ 
phuric) ore very remarkable, for after the boiling has been continued for a few 

• Oil of bitter almonds lias been converted into cinnamic acid by heating it with aoetic 
oxychloride; C,H, 0 ^ 
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ftminutes, the solation u found to contain grape‘-sngar, together with a oryata^ne 
eubstance <»lled mUgenmt, which is distinguished oy the intense blue colour wnioi 
it gives with percbloride of iron. The change is easily explained, for the addition 
of 2 molecules of water to salicine would provide the dements of grape^gax and 
saligenine— 

CijHjgOy + 2HgO = GvHgOg + CjHjgOy. 

Salicuic. Ssugentne. Orape-sugar. 

HmnlaiTift or synaptase is capable of effecting this change in salicine, and it will 
be remembered that mupe-sugar is one of the products of the action of that ferment 
upon amygdaline. If the ebullition of the diluted acid be continued for a length 
of time, the liquid draosits a resinous substance, acdireUnet which is isomeric with 
oil of bitter almonds (C7HeO). 

A very striking example of the stability of types, notwithstanding the substitution 
of one element lor another, is found in the circumstance that salicine, under the 
influence of chlorine, yields three different products containing chlorine in place 
of hydrogen, and that when these are boiled With dilute acids, they yield other 
products containing chlorine, and bearing the same relation to their chlorinated 
primitive which saligenine and saliretine respectively bear to salicine. 

Thus we have— 


Salicine, .... 

GuHig 

0, 

Saligenine, . . . 

. C7HS 

©2 

Chlorosalicine, . . 

P ^17 1 

O7 

Chlorosaligenine, . 

P j 

• ^7C1 I 

io. 

Dichlorosalicine, . 

P ®16 1 

^«C1, i 

O7 

DichlorosaUgenme, 

pHej 
■ '"^GI,| 

0. 

Trichlorosalicine, . 

p i 

^“cig ! 

107 

Trichlorosaligenine, 

C 1 

!o. 


^ When salicine is fused with hydrate of potash, the mass dissolved in water, and 
I ^drochloric acid added, beautiful needles of salicylie add (HC7HgOg) are separated, 
lliis acid may also be obtained from the oil of spiraea by a simikr process, and it 
will be seen that salicylic acid bears the same relation to this oil as benzoic acid 
bears to oil of bitter almonds— 

Oil of bitter almonds, C7HeO I Oil of spiraea, . . . C7H,Og 
Benzoic acid, . . C7H6OJ I Salicylic acid, . . . C7Ha03, 

Salicylic acid has been obtained in a most interestiHg manner by the simultaneous 
action of carbonic acid and sodium upon pheuole— 

CgHjO + CO.^ + Na = Na07Ha0. + H. 

Pheuole. 

Exactly as chemists have been led to consider the bitter almond oil as l^dride of 
benzoyle, so they have regarded oil of spiraea as hydride of ealkyle (C7HsOj.H), 
assuming the existence of the radical saLkyU (C7H^O), of which salicylic acid would 
be the hydrate.^ We find this view of the constiturion of these compounds sup¬ 
ported by the circumstance, that when the oil of spiraea is heated with chloride of 
benzoyle, a substance is obtained which may be regarded as composed of the two 
radicm salicyle and benzoyle— 

C7HbO,.H + C7H5O.CI = CyHBO.CyHgO, + HCl. 

OllofBplwea. Benzoyle-eallcyle. 

From a careful study of the behaviour of salicine under the action of various 
re-agents, the inference has been drawn that it is a compound of saligenine (CyHgO,) 
with a substance (CgHj^gOj), which becomes converted into grape-sugar, by assimila¬ 
tion of water, as soon as it is separated from the saligenine. 

Salicine is occasionally employed in medicine as a febrifuge, and is 
a common adulteration of quinine. 

Salicine is the chief member of the class of substances termed gluc^tsideSf 
fiom the presence of gmpe-sugar (glucose) among their products of decom- 
jporition. To this cla^ belong several other substances much resembling 
a^cine, and, like it, extracted from Hie harks of different trees. 
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843 . Poptdiw (CgoHjtO,) is a aweet cryptsdliue aubstaace obtained from the bark 
and leaves of the aspen, and especially interesting from ite close connection with 
the benzoyle and salicvlo series; for when boiled with solntipn of baryta, it is decom* 
posed into benzoic acid (which unites with the baryta) and aalicine— 

2C|gI{g|Og + BaO.HgO — Ba(C7HgOg)g + . 

PoptiUne. Bensoate of baryta. si^cine. 

Nor is this the oiily connwting link, for popoline yields oil of spiraea when distilled 
with sulphuric acid and bichromate of potaw, and when boiled with dilute acids ^t 
furnishes benzoic acid, saliretine, and grape-sugar— 

CggHggOg + 2HgO HG^HgOg + C^HgO +• CgHjg07. 

Popullna Benscrfc odd. Saliretine. Grape^og’sr. 

In order to explain this production of benzoyle and salicyle compounds from popu* 
line, it is usual to regard this substance as formed frvn salicine (CuH,g07) by the 
introduction of a molecule of benzoyle (G7UgO), in the place of an atom of hydrogen— 

CggHggOg = G„H.,(G 7 U, 0 ) 07 . 

^ Popoline. Benzoylo-salicinc. 

Phloridzine is extracted from the bark of the apple, pear, plum, and 

cherry tree; it crystallises readily, is slightly bitter, and when boiled with dilute 
acids, yields grape-sugar and a rasinoas substance called phloretine (C„Hi^Og). Its 
most interesting property is that of forming a red compound (phloridzelne) when 
exposed to the joint induences of air and ammonia— 

+ O3 + 2NH3 = C,,HggN,Oj,. 

Phloridzine. Fnloridzelne. 

This red compound combines with ammonia to form a purple mass with a coppery 
lustre, which dissolves in water with a fine blue colour. The production of this 
colouring matter from phloridzine is an excellent example of that conjoined action 
of air and ammonia by which certain natural colouring matters, such as litmus, are 
formed from substances which are themselves destitute of colour. 

Querdtrine (C,,H,gO,7) is the yellow colouring matter extracted by alcohol from 
the bark of the quercitron. It is a crystallisable substance, and is decomposed by 
boiling with acids into grape-sugar and a yellow crystalline body called querceiine 

iCj7H,gO,j). 

EscuUne is extracted from the bark of the horse-chestnut by boiling 

water. If the tannin and colouring matter be precipitated from the infusion by 
acetate of lead, the filtered liquid treated with sulphi^tted hydrogen to remove the 
excess of lead, and the solution, after a second filtration, evaporated, the esculine is 
obtained in colourless needles. It is remarkable for its Jlucremnce; although its 
sulution is colourless by transmitted light, it appears of a beautiful deep blue colour 
when viewed at certain angles. This substance is also a glucosiue, for when 
boiled with dilute acids, it yields grape-sugar aud a crystalline substance known as 
eseuUtitus. 

GyH,,Oi, + 5 H ,0 = GgH, 0 < + 2 CgH „07 . 

EsciUlnu. Esculvtlne. Grape-sugar. 

Paviine also occota in the horse-chestnut bark, but in far laiger qjuautity in the 
bark of the ash. It is distinguished from esculine by exhibiting a green 
fluorescence. 

Sapmine is a substanee closely allied to the glucosides, and is found in the soap- 
wort, the fruit,of the horse-chestnut, the pimpernel, the root of the pink, and in 
many other plants. It may be extracted by boiling alcohol, which debits it in an 
amoiphoas state on cooling. Saponine is soluble in water, and its solution is chor- 
acterfrad by the readiness with which it lathers, like soap and water, although it 
may contain a very small quantity of saponine. This property leads to the use of 
decoctions containing it, such as those of the so^-wort, and of the soap-nut of 
Indio, for the pu^se of cleansing certain delicate fabrics. 

PUrotoxine (CjH,Og) is a cr^litalline substance, to which the poisonous propwties 
of Coccuiua indma are due. It appears to have feeble acid tendencies, and is ex¬ 
tracted from an acidified solution V shaking with ether. On evaporating the 
ethereal solution it leaves prismatic needles of an intensely bitter taste. 

344. Ebsbhtial oils containing sulphur — Alltlb series. —^The essen¬ 
tial oils oi aaafeetida, of cress, garlic, horseradish, leeks,’mustard, onions, 
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and radiahe8f differ from those which have been already described by cob- 
sulphur. 

Those of asafoetida, cress, garlic, leek^ onions, and radishes, are com¬ 
posed essentially of the ,same substance, represented by the formula 
GgHioS. The essence of mustard and that of horseradish are composed of 
C,H,NS. 

. The chemistry of the origin of essential oil of mustard is analogous to 
that of essence of almonds. The oil is obtained from the seeds of the 
black mustard after removing the fixed oil (which has no pungency what¬ 
ever) by pressure; on moistening the crushed seed with water, the pro¬ 
duction of the essential oil is in&cated by its peculiar odour, and it may 
be separated from the ^ds by distillation. The mustard seeds con¬ 
tain a salt of potash with a peculiar acid called myronie add,* 
(HjCjoHjgNjS^Ojg), together with a substance similar to the emulsine of 
almonds, which hw been termed myrodne, and is capable of inducmg the 
decomposition of the myronie acid, and tho consequent production of 
essence of mustard, just os the emulsine of almonds developes the essential 
oil by the decomposition of tho amygdaline; in the case of mustard, how¬ 
ever, the nature of the decomposition has not been so clearly made out, 
but is probably represented by tho equation— 

= 2C,HgNS + 2C«H„0, + H^O + 2SOg. 


Myronie acid. 


The essence of mustard has been produced artificially in a very inter¬ 
esting and remarkable manner, 

When glycerine (the sweet principle of tho fats and fixed oils) is dis¬ 
tilled with tho biniodide of phosphorus, a colourless ethereal liquid is 
obtained, which has the composition CaHglj.and is called iodide of allyle, 
because when distilled with sodium, it yields iodide of sodium and a 
volatile liquid composed of C 3 H 5 , and called allyle, in allusion to its pecu¬ 
liar odour {allium, garlic). The formation of iodide of allyle is explained 
by the following equation— 

2C3H3O3 + 2PI3 = 2C3HJ + SH3O.P3O3 + I,. 

Glycerine. Iodide of allyle. 


When iodide of allyle is distilled with sulphocyanide of potassium, 
an oUy liquid is obtained, identical in properties and composition with 
oil of mustard, which must therefore bo regarded as a sulphocyanide of 
allyle, its artificial production being thus explained— 


C,H,I + K(CNS) 


C,H,.CN 8 + KI. 

Sulphocyanide of 
allyle, or 
ott of mnatard. 


Additional interest is created in this artificial formation of oil of mus¬ 
tard when it is found to be convertible into oil of garlic, by being heated 
with sulphide of potassium, when sulphocyanide of potassium is formed 
at the same time, thus— 

2(03H3.CNS) + K,8 = (C 3 H 3 ) 3 § 4- 2K(CKS). 

Enence of mnataid. Euence of garlic, 


Hence it is inferred that the essence of garlic is a mlphids of allyle, of 
which essence of mustard is a sulphocyanide. 


* From ftipov, an nngnent. 
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The oil of Cochharia officinalis is sometimes sold as essential oil of 
mustard, which it much resembles; but the former is sulphocyazdde of 
bulyle C 4 HJ.CNS, and boils at 160“ C., whilst the latter boils at 147“ C, 

A considerable number of compounds are included in the allyle $erie$, but are not 
at resent pressed of any practical importance. 

ilie allylic aicohol (C.H|HO) is interesting as the prototype of a new cTiw of 
alcohols, parallel with that represented by common alcohol (C,HsHO). In order 
to obtain it, the iodide of allyle is decomposed by oxalate of sum, when oxalate of 
allyle is obtained— 


2C,HJ + AgjCjO* = (C,H6),C,04 + 2AgI. 

Iodide of allylo. Oxolsto of allyle. 

By treating oxalate of allyle with ammouia, allylic alcohol and oxamide are 
obtained— 

(C,H4),C,04 + 2NH, = 2C,H,HO + C,H4N,0,, 

Oxalate cf allyla Allylic alcoboL Oxamide. 


Allylmie (CgU.), the olefiant gas of tbe allyle series, is homologous with acetylene 
(CgH,), and much resembles it in its chemical relations. It has been prepare by 
heating chlorinated propylene in a sealed tube with sodium-alcohol. Ihe chlorin¬ 
ated pro^leuo is a product of the action ofi^pentachloridc of phosphorus upon 
acetone— 

C,H,0 + PCI, = C,H,C1 + PCljO + HCl; 


Acetone. 


Chlorinated 

propylene. 


C,H,C1 + CjHjiraO = C.H* + NaCl + C^HeO. 

Sodium-alcohol. Allylene. Alcohol. 


By its action on animoniacal nitrate of silver, it yields argeiUallyhmef C,HjAg. 
When sodium is heated in allylene, carbon and hydrogen are liberated, and sodic 
acetylide is formed, CgH* - 1 - Na, = CjNa, - 1 - C + H 4 , a little propylene (C,H,) is 
formed at the same time. 


345. Gum-besin& —^Tho gmi-resim consist of a mixture of gum with 
resin, and occasionally with essential oil, and arc distinguished by their 
behaviour when triturated with water, which dissolves the gum and leaves 
the oil and resin suspended, giving the liquid a milky appearance. They 
also differ from most resins in being only partially soluble in alcohol. The 
gum-resins exude from the plants producing them in a milky state, 
gradually solidifying by exposure to the air. 

Amfoetida contains a resin of the composition CjoHj^O,, and owes its 
powerful odour to an essential oil containing sulphur, which has been 
already noticed. Galbanum, amnioniacum, aloes, olihanum or frankincense, 
scammony, gamboge, myrrh, and euphorhium, also belong to the class of 
gum-resins. 

Caovichom (CjHg) is so far allied to the gum-resins, that it is procured 
from a milky exudation famished by sever^ tropical plants, particularly 
by the Hmvoea guianensis and Jatropha elastica. Incisions are made in 
these trees, and the milky liquid thus obtained is spread upon a clay 
bottle-shaped mould, which is then suspended over a fire; a kyer of 
caoutchouc is thus deposited upon the mould, and its thickness is after¬ 
wards increased by repeated applications of the milky liquid, the mould 
being eventually broken out of the caoutchouc bottle thus formed. The 
dark colour of the caoutchouc found in commerce is believed to be duo 
to the smoko from the ^ over which it is dried, for puro caoutchouc is 
white, and may bo obtained in this state by dissolving in washed eth«c 
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and precipitating it by tbe addition of alcohol, in which it is insoluble. 
The (^utchoue of commerce contains a small quantity of albumen, derived 
from the original milky liquid, this being really a solution of albumen 
holding in suspension about 30 per cent, of caoutchouc, which rises to the 
surface like cream, when the juice is diluted mth water and allowed to 
stand, becoming coherent and elastic when exposed to air. It will be 
remembered that many of the chief uses of caoutchouc depend upon its 
physical rather than its chemical propertief^ its lightness (sp. gr. 0'9d) 
and impermeability to water adapting it for the fabrication of waterproof 
articles of clotliing, of life-buoys, &c., whilst its remarkable elasticity gives 
rise to a still greater variety of applications. 

For the manufacture of waterproof clotli, caoutchouc is dissolved in 
rectified turpentine, and the solution is spread, in a viscid state, over the 
surfaces of two pieces of cloth of the same size, which are then laid face 
to face and passed between rollers, the pressure of which causes perfect 
adhesion between the two surfaces. Bisulphide of carbon, benzole, and 
coal naphtha, petroleum, the oils, both fixed and volatile, are also 
capable of dissolving caoutchouc. 

Marine glue is a solution of caoutchouc witli a little shell-la* in coal 
tar naphtha. 

Waterproof felt is made by matting together fibres of cotton im¬ 
pregnated with a solution of caoutchouc in naphtha, and passing the felt 
between rollers. When kept for a length of time, its strength and water¬ 
proof qualities are deteriorated, in consequence of the oxidation of the 
caoutchouc, which is thus converted into a resinous substance resembling 
shell-lac, and easily dissolved by alcohoL 

The alkalies and diluted acids are without efiect upon caoutchouc. 
When gently warmed, it becomes far more soft and pliable j it fuses at 
about 250® F., and is converted into an oily liquid w'hich becomes viscid 
on cooling, but will not again solidify, and is useful for lubricating stop¬ 
cocks. When further heated in air, it burns with a bright smoky flame. 
Heated in a retort, caoutchouc is decomposed into several hydrocarbons, 
one of which, called ieoprem, boils at about 100® F., and has the com¬ 
position CjHg, while caoutchine has the same composition as oil of 
turpentine, and boils at 340° F. j they are well adapted for dissolving 
caoutchouc. 

Vulmnised caoutchouc is produced by incorporating this substance with 
2 or 3 per cent, of sulphur, which not only increases in a remarkable 
manner its elasticity, but prevents it from cohering imder pressure, and 
from adhering to other suifaces unless strongly heated. The vulcanised 
caoutchouc is also insoluble in turpentine and naphtha. Ordinary vul¬ 
canised caoutchouc generally contains more sulphur than is stated above, 
which causes it to become inelastic and brittle after it hits been some 
time in use; and for some purposes, such as the manufacture of overshoes, 
it is found advantageous to add some carbonate of load as well as sulphur. 

When a sheet of caoutchouc is allowed to remain for some time in fused 
sulphur at 250® F., it absorbs 12 or 15 per cent, of that element without 
suffering any material alteration; but if it be heated for a short time to 
300® F., it becomes vtilcanised ^ and when still further heated, is converted 
into the black homy substance called vulcanite or ebonite, and used for the 
manuf^acture of combs, &c. By treating the vulcanised caoutchouc with 
sulphite of soda, the excess of sulphur above 2 or 3 per cent, may be dis¬ 
solved out,,? ’[j^He whole of the sulphur may be removed, and the caout- 
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chouc devulcanised, by boiling it with a 10 per cent, eolntion of caustic 
soda. 

There are several processes employed for the manufacture of vulcanised 
caoutchouc; sometimes the sulphur is simply incorporated with it by 
mechanical means. Another process consists in immersing the caoutchouc 
in a mixture of 100 parts of bisulphide of carbon with 2*6 parts of chloride 
of sulphur (SjClj),* or in dissolving the sulphur in oil of turpentine, whieh 
is afterwards used to dissolve the caoutchouc; when the turpentine has 
evaporated, a mixture of caoutchouc and sulphur is left, which may easily 
be moulded into any desired form, and afterwards vulcanised by exposure 
to high pressure steam having a temperature of about 280® F. 

The true chemical constitution of vulcanised caoutchouc is not yet 
understood; it has been suggested that the sulphur has been substituted 
for a portion of the hydrogen in the original caoutchouc, but it does not 
seem improbable that tliis hydrocarbon may combine directly with sulphur. 

Caoutchouc is by no means rare in the vegetable world, being found in 
the milky juices of the poppy (and thence in opium), of the lettuce, and 
of the euphorbiura and asclepia families. 

Gutta percha, like caoutchouc, is originally a milky juice which exudes 
from incisions made into the wood of the Ismmndra percha, a native of 
the Eastern archipelago. This juice soon solidities when exposed to air, 
to a brownish mass heavier than caoutchouc (sp. gr. 0‘98), and differing 
widely from it by being tough and inelastic at the ordinary temperature, 
becoming quite soft and plastic when heated nearly to the boiling point 
of water. Being impervious to water, it is employed as a waterproof 
material and for w'atcr-pipes, w’hilst its want of conducting power for 
electricity is turned to account in the coating of wires for the electric 
telegraphL 

Gutta percha is dissolved by the same substances which dissolve 
caoutchouc. It dissolves very slowly in ether, but is not affected by 
diluted acids and alkalies, and is employed for the manufacture of bottles 
in which hydrofluoric acid is kept. It liquefies at a moderately high 
temperature, and is afterwards decomposed, yieldin^products similar to 
those obtained from caoutchouc. 

The gutta percha of commerce appears to contain only about 80 per 
cent, of pure gutta percha (Cs(,H 3 g), which is soluble in ether, the re¬ 
mainder consisting of two rosins which may be dissolved out by boiling 
with alcohol, when a white crystalline resin (CjaHj/),) is deposited on 
cooling, leaving an amorphous resin (CjnHjjO) in solution. 

Pure gutta percha, exposed to air, is gradually converted into these 
resinous bodies, unless light be excluded, 

346. Gums.—C onnected with the substances just described as being 
immediate products of vegetable life, are the guins, which, though resem¬ 
bling the resins in transparency and lustre, are at once distinguished from 
them by their solubility or softening in water, and by their insolubility in 
alcohol 

Gum arahic, which mSy be studied as the representative of this class, 
is an exudation from certain species of acacia, and consists essentially of 
arabine, which has the composition It dissolves readily, even 

* in cold water, in large proportion, forming a viscid liquid, from which the 
arabine is precipitated in white flakes on adding alcohol. 

• A mixture of sulphur and chloride of linie is said to he sometimes employed. 
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”Wh«a atabine is boiled tiiith diluted stdpbaric acid, it is converted slowly 
into grape-sugar (CjHj^O,) by assimilating tbe dements of water, a ^o- 
perty connecting it closely with starch, which is susceptible of a sinmar 
converdon. 

But a chemical property distingmshing the gums is their behaviour 
with nitnc acid, which furnishes rmdG add (HgCgHgOg) and oxalic acid 
(BgCgOg). The latter acid is also formed by the action of nitric acid upon 
starch and sugar, whilst mucic acid may bo obtained by a similar process 
&om sugar of milk and from maima sugar (mannite). 

Gum Senegal is often used in place of gum arabic, especially by calico- 
printers to thicken their colours. It is darker in colour than gum arabic, 
but also consists essentially of arabine. 

Gum tragacanth which exudes from the Astragalus traga- 

eantha, is far less tr^sparent than gum arabic, from which it also differs 
by not dissolving in water, but merely swelling up to a soft gelatinous 
mass. This variety of gum, which is also called mucilage, cerasine, or 
hassorine, is found, together with arabine, in the .gum which exudes 
fiom the cherry, plum, almond, and apricot trees, and gives the mucila¬ 
ginous character to the watery decoctions prepared from certain seeds, such 
as linseed and quince-seed, and from the root of the marsh-mallow. 

Starch. 

347. Starch (Cgll^O^ differs widely from the vegetable products just 
noticed, in being an mdisponsable constituent of certain parts of plants, 
in possessing an organised structure, and playing a very important part in 
the nutrition of tho 4 )lant. 

In composition, it is seen to correspond with cellulose, which has also, 
it will be remembered, an organised structure ; but the function of cel¬ 
lulose in the plant appears to be chiefly, if not entirely, a mechanical one, 
since it forms the skeleton or framework of the plant, for which its resist¬ 
ance to chemical change especially adapts it; whilst it will be seen that 
starch suffers chemiflal changes in the vegetable, which may be compared 
in some measure to the digestion of the food in the animal body. 

Starch is manufactured chiefly from potatoes, wheat, and rice. 

The solid portion of the potato consists chiefly of starch, as appears in 
the following result of analysis:— 

Composition of the Potato. 


Water,.75*9 

Vegetable albumen,.2*3 

Oily matter,.0*2 

Woody fibre,.0*4 

Starch, ... ... 20*2 

Miner^ substances,.1*0 


100*0 

In order to extract the starch, the potatoes ai 9 rasped to a pulp, which 
is washed upon a sieve, under a stream of water, as long as the latter is 
rendered milky by the starch suspended in it, the woody fibre being left 
behind upon the sieve. The milky liquid is allowed to settle, and the 
isc^ear.wat^ drawn off 3 the deposited starch is ttien stirred up with fresh 
watsr^ and %ain Allowed to subside, this process beii^ repeated as long 
^ tlj||watejri 8 ^olmn^ after which the starch is mixed with a small 
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quantity of water, and paaaed tlurough a fine sieve to separate mechani¬ 
cally mixed impurities; it is finally drained and dried, first, in a current 
of air, and afterwards by a gentle heat 

Starch cannot be extracted ixom wheat so easily as from potatoes, on 
account of the much larger proportion of other solid matters from wMch 
it must be separated. 

ComposUim, of W7mt. * 


Water,.12*1 

Vegetable alLomen,.2*0 

Oily matter,.1*1 

Woody fibre,.1*6 

Starch,.60*8 

Ilextrine and sugar,* . . . 10*5 

Gluten,.10*5 

Mineral substances,.1*5 


100*0 

To extract the . starch, the coarsely-ground wheat is moistened with 
water, and allowed to putrefy, as it easily does, in consequence of the alter¬ 
able character of the gluten (which contains carbon, hydrogen, nitrogen, 
oxygon, and sulphur); the putrefying gluten excites fermentation in the 
sugar and part of the starch, producing acetic and lactic acids. These 
acids are capable of dissolving the remainder of the gluten, which may 
then be washed away by water, the subsequent processes being similar to 
those employed in the extraction of potato starch. ^ 

A far more economical and scientific method of extracting the starch 
consists in dissolving the gluten by means of a weak alkaline solution, 
which leaves the starch untouched. This process is c^ecially applied in 
the manufacture of starch from rico, the composition of which is here 
given:— 


Coiitjposition of Rice. 

- 

WatoT,. 

5*0 

Starch. 

83*0 

Glnten,. 

. • 60 

Woody fibre,. 

4*8 

Sugar, ) 

Dextrine, ) 

1*0 

Gily matter,. 

Mineral matters,..... 

0*1 

01 


100*0 


The whole rice is allowed to soak for twenty-four hours in water con¬ 
taining syifth of its weight of caustic soda; it is then washed and ground 
into flour, which is again soaked for two or three days in a fresh alkaline 
solution; the* starch is allowed to settle, and the alkalinp liquor holding 
the gluten in solution is drawn off. To complete the purification of the 
starch, it is stirred up with water, the heavier woody fibre allowed to sub¬ 
side, and the milky Hquid is run off into another vessel, where it deposits 
the starch. 

Starch is usually sent into commerce in the rough prismatic fr^i^euts 
into which it splits during the process of drying, and is generally coloured 
blue by the addition of a little artificial ultramarine or smalt, in order to 
correct the yellow tint of linen. Commercial starch generally contsdns 
about 18 per cent, of water. 

* The existence of sugar in wheat is denied by P51igot. 
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Starob being possessed of an organised sfenicture, might be expectpi to 
vary in external characters with the source from which it was derived j 
and, accordingly, we find that, with the help of the microscope, it may be 
aseertamed from what plant any particular specimen of starch was pro¬ 
cured, a result which could not bo arrived at by a chemical examination. 

Thus, powdered starch from the potato (P, fig. 288) appears under the 
microscope in very irregular ovoid granules, marked with concentric rings, 
and of larger size than those from most other vegetables, the long diameter 





Fig. 288. 


of the grdns being usually about inch. Wheat starch (W) exhibits 
grains which are nearly circular, and ai'e not marked with rings; they are 
much smaller than those of potato starch, having a diameter of about 
of an inch. The grains of rice starch (K) are angular, and still 
smaller, measuring only about of an inch in diameter. A represents 
the starch granules of arrow-root. 

Starch is quite unaffected by cold water; hut if it be heated with water 
to a temperature above 140° F., the granules swell up, burst, and yield 
the well-known viscid liquid used by laundresses. K this be mixed with 
a large quantity of water, and allowed to stand, some of the imperfectly 
burst granules subside, but the greater part of the starch remains so inti¬ 
mately mixed with the water, that it is not separated by filtration through 
paper, though it has been shown that when the rootlets of a hyacinth are 
immersed in the diluted magma of starch, the water alone is taken up by 
the capillary vessels, affording a strong presumption that the starch was 
simply in a state of suspension in the water. If the boiled starch be eva¬ 
porated to dryness, a brittle mass remains, which may again be taken up 
without difficulty by water. 

This peculiar behaviour of starch with water is closely connected with 
its use as food. Eaw starch is digested with difficulty, and often passes 
unaltered through the bowels; but the ease with which the starch gela¬ 
tinised by heat is digested, is shown by the wholesomeness of sago, 
tapioca, and arrow-root, which consist simply of search, and are prepared 
for food by heating them with water to the point at which the granules 
burst. 

Arrow-root is the starch extracted from the root of the Maranta arun- 
dinocea, and of some other tropical plants. 

In the preparation of tapioca and sago, the starch is dried at a tem¬ 
perature above 140° F., so that it loses its ordinary farinaceous appearance 
and becomes semi-transparent. * 

Sago is manufactured from the pith of certain species of palm, natives 
of the East Indian islands. The free is split so as to expose the pith, 
which is mixed with water, and the starch having been separated from 
, the woody fibre in the usual manner, is pressed through a perforated 
metallic plate, which moulds it into small cylinders; these are placed in a 
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revolving vessel and broken into rough spherical grains, which are steamed 
upon a sieve, and dried. 

Tapioca is obtained from the roots of the JcUropha maniJiot, a native 
of America. The roots are peeled and subjected to pressure, which 
squeezes out a juice employed by the Indians to poison their arrows, and 
containing a deleterious substance which has been named Jatrophim. 
When the juice is allowed to stand, it deposits starch, which is wdl 
washed, pressed through a colander, and dried at 212® F. 

Oswego, or corn-flour, is the flour of Indian com deprived of gluten by 
treatment with a weak solution of soda. 

348. Dextrine .—When starch is heated in an oven to about 400® F. 
for an hour or two, it becomes easily soluble in cold water, yielding a 
solution having all the properties of gum; the starch has indeed been 
converted into a new substance known as dextrine or Driiish gtim, which 
is largely used by calico-printers for thickening their colours, and is sub¬ 
stituted for ordinary gum in many other applications. ITiere is a current 
anecdote which attributes the discovery of dextrine to a conflagration at 
a starch-factory, whore the work-people, who assisted in quenching the 
fire, observed the gummy properties of the water which had been thrown 
over the torreiiod starch. In toasting broad, a portion of the starch is 
converted into dextrine, which is dissolved hy the water in the prepara¬ 
tion of toast and water. Farinaceous foods for infants are made by biding 
flour, in order to convert the starch into dextrine. 

It is very remarkable that the composition of dextrine is 

precisely that of starch ; they are mmeric bodies, so that the difference in 
their properties must be ascribed to a diflerence in the arrangement of 
their component particles; the name of dextrine was conferred upon this 
gummy substance on account of the power possessed by its solution of 
causing a right-handed rotation in a ray of polarised light. When oxidised 
by nitric acid, dextrine, like starch, is converted into oxalic acid, a cir¬ 
cumstance distinguishing it from ordinary gum, which furnishes mucic 
acid when acted upon by nitric aci<l. 

Dextrine is usudly prepared on the large scale by moistening 10 parts 
of starch with 3 parts of water acidulated with of nitric acid; the 
mixture is allowed to dry, and spread upon trays in an oven, where it is 
heated for an hour or so to 240® F. The nitric acid thus allows the 
starch to be converted into dextrine at a temperature which would be 
quite inadequate to eflbct the transformation of starch alone. 

This power of accelerating the conversion of starch into dextrine is 
shared by all acids. Hence if starch be boiled with water, and the viscid 
liquid so obtained bo mixed with an acid, and again boiled, it gradually 
becomes thinner, and is eventually converted into dextrina The change 
is very readily effected by boiling the starch solution with a few drops of 
sulphuric acid, and the gradual conversion of the starch may^ traced by 
means of an aqueous solution of iodine. On adding this solution to a por¬ 
tion of the (cold) solution of starch, it produces the usual dark blue 
colour j but on atlding it, St intervals, to portions of the acidulated and 
boiled liquid, taken away and cooled for the panose, the blue colour will 
be replaced by a peculiar vinous purple tint which iodine imparts to solu¬ 
tions of dextrine containing a little unchanged starch. 

The solution of iodine is much used in proximate organic analysis as a 
test for starch, and it is necessary to bear in mind that the blue colour is 

2 H 
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ble&didd by fdkdHes -{whidli take dp the iodine) and by heat, thongh, in 
the latter ease, it may be restored by cooling the liquid. The blue colour 
does not appear to bb due to the formation of any definite chemical com¬ 
pound wi& the starch, but rather to a mechanical adhesion of very finely 
divided iodine to the particles of starch. The sensitiveness of starch to 
the action of free iodine has given rise to its application in the preparation 
of paper for the prevention of forgery in bankers’ cheques, &c. If paper 
be impregnated with a mixture of iodide of potassium and starch, which 
is perfectly white, it will acquire an intense blue colour on the application 
of any of the bleaching agents (chlorine, hypochlorous acid, chlorides of 
lime and soda), generally used for removing ink, as these liberate the 
iodine, which immediately blues the starch. 

If the ebullition of the dextrine in contact with the sulphuric acid be 
continued, the solution entirely loses its property of being coloured by 
iodine, and acquires a sweet taste, the dextrine having been converted into 
glucose or grape-sugar (0^11,.0.) by assimilating the elements of two 
molecules of water*— 

+ 2H/J = (Orape mgar). 

349. Germination of seeds — Malting .—^This tendency of starch to com¬ 
bine with the elements of water and pass into grape-sugar, will be found 
of immense importance in the chemistry of vegetation, as well as in that of 
food. It is, indeed, the chief chemical change concerned in the develop¬ 
ment of living from inanimate matter, being one of the first processes 
involved in the germination of a seed—the first step in the production of 
vegetables, which must precede the animals whose food they compose. 

The components of all seeds are similar to those of wheat, which have 
been enumerated above j and if they be perfectly dried immediately after 
their removal from the parent plant, they may be preserved for a great 
length of time unchanged, and without losing the power of germinating 
under favourable circumstances. The essential conditions of germination 
are the presence of air and moisture, and a certain temperature, which varies 
with the nature of the seed. These conditions being fulfilled, the seed ab¬ 
sorbs oxygen from the air, and evolves carbonic acid, produced by the com¬ 
bination of the oxygen with the carbon of one or more of the roost alter¬ 
able constituents of the seed, such as the vegetable albumen or the gluten. 
This proc^ of oxidation is attended with evolution of heat, which serves 
to maintain the seed at the degree of warmth most favourable to germina¬ 
tion. The component particles of the albumen or gluten having been set 
in motion by the action of the atmospheric oxygen, induce a movement or 
chemical chmge in the storch with which they are in contact, causing it 
to pass into de^^rine and grape-sugar, which, unlike the, starch, being 
perfectly soluble in water, are capable of affording to the developing shoot, 
the carbon, hydrogen, and oxygen which it requires for the increase of its 
The production of grape-sugar and of dextrine in germination is 
well illustrate by the sweet gummy character of tiie bread made from 
sprouted wheat, and is turned to practical .account in the process of 
malting. 


• ThSK ill BonM reason to believe that the formation of grape-sugar from starch results 
^change similar to that by which it is obtained from salicine and other glucosides. 


+ 2H,0 = -b C,H„0,. 

2 mol. sfaroli. Dextrine. Glncoiw. 
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During the gemination of all seeds there is form^, apparently hy the 
oxidation of one of the more alterable .constituents, a peculiar substance 
containing carbon, hydrf>gen, nifJfqgen, and otygen, which his never yet 
been obtained from any other source, and is characterised by its remarlc- 
' able property of inducing the conversion of starch into dextrine and grape- 
sugar. 

This substance has been temed diastase {tuavraa-is, dissemim; metaph. 
fermeniation\ but has never yet been obtained in a state of suffident 
purity to enable its formula to be satisfactorily detemined. It may be 
extracted, however, fron^malt, by grinding it, and mixing it with half 
its weight of warm water, which dissolves the diastase; the solution 
squeezed out of the malt is heated to about 170“ F,, filtered from any 
coagulated albumen, and«nixed with absolute alcohol, which precipitates 
the diastase in white flakes. One part of diastase dissolved in water is 
capable of inducing the conversion of 2000 parts of starch into dextrine 
and grape-sugar, the diastase itself being exhausted in the process. A 
temperature of about 150“ F. is most favourable to the action of diastase, 
which may be arrested entirely by raising the liquid to the boiling 
point. 

The great importance of diastase in the arts of the brewer and distiller 
is at once apparent. In the process of malting barley, the grain is soaked 
in water, and afterwards spread out in thin layere upon the floor of a dark 
room (thus imitating the natural condition under which the seed germi¬ 
nates), which is maintained as nearly as possible at a constant and moderate 
temperature (between 55“ and 62“ F.); spring and autumn are, therefore, 
more favourable to malting than summer and winter. It soon evolves 
heat, and the grains begin to swell; in the course of twenty-four hours 
the genuination commences, and the radicle makes its first appearance as 
a whitish protuberance; the grain is turned two or three times a-day, in 
order to equalise the temperature. In about a fortnight, the radicle has 
grown to about half an inch, by which time a suflicient quantity of dias¬ 
tase has been formed. In order to prevent the germination from proceed¬ 
ing further, the grain is killed by drying it at a temperature of 90“ F. on 
perforated metallic plates, where it is afterwards heated io about 140“ F., 
so as to render it brittle, after which it is sifted in order to separate the 
radicle, which is now easily broken ofll This radicle is found to contain 
as much as ^th of the total quantity of the nitrogen present in the barley, 
so that the malt dust^ as the siftings are c^od, forms a valuable 
manure. 

100 parts of barley generally yield about 80 parts of malt, but a part of 
the loss is due to water present in the barley, so (hat 100 parts of 
barley yield 90 parts of malt, and 4 parts of malt dust, the difference, viz., 
6 parts, representing the weight of the carbon converted into carbonic acid, 
of the hydrogen (if any) converted into water during the germination, and 
of soluble matters removed from the barley in steeping. Malt contains 
about Y^Trth of its weight of diastase, far more than enough to ensure the 
conversion of the whole of its starch into sugar. 

The following table* illustrates the change in composition suffered by barley 
during the process of malting, leaving the moisture out of consideration 

* Lawes; Report on the Relative Values of Unmalted and Malted Barley m Food for 
Stock. 1866. 



484 


CHEMISTRY OF BREWING. 


• 

Barley. 

After 

Steeping. 

14} days 

on floor. 

Malt after 
Sifting. 

Malt Dust. 

Sugar,. 

2-66 

1-66 

12-14 

11-01 

11-85 

Starch, . . . ) 

J)extrine, . . . ) 

80-42 

81-12 

70-09 

72-08 

48-68 

Woody film*, . . 

4-69 

5-22 

6-08 

4-84 

9-67 

Albuminona matter. 

9-83 

9-83 

10-39 

9-95 

26-90 

Mineral matter, . . 

2-50 

2-27 

2 i86 

2-17 

8-40 

1 

100-00 

100-00 

100-00 

• 

100-00 

100-00 


350. Brming .—In order to prepare beer, the brewer masim the 
ground malt with water at about 180“ F. for some hours, when the dias¬ 
tase induces the conversion, into dextrine and sugar, of the greater part 
of the starch which has not been so changed during the germination, and 
the wort is ready to be drawn off for conversion into beer. The undis¬ 
solved portion of the malt, or brewers' grains, still contains a considerable 
quantity of nitrogenised matter, and is employed for feeding pigs. 

That malt contains far more diastase than is necessary to convert its 
starch into sugar, is shown by adding a little infusion of malt to the 
viscid solution of starch, and maintaining it at about 150® F. for a few 
hours, when the mixture will have become far more fluid, and will no 
longer be coloui’ed blue by solution of iodine. In distilleries, advantage 
is taken of the excess of diastase in malt, by adding 3 or 4 parts of 
unmalted grain to it, when the whole of the starch in this latter is also 
converted into dextrine and sugar, and the labour and expense of malting 
it are avoided. 

The wort obtained by infusing malt in water contains not only grape- 
sugar, dextrine, and diastase, but a considerable quantity of nitrogenised 
matter formed from the gluten (or albuminous matter) of the barley. Before 
subjecting it to fermentation, it is boiled with a quantity of hops, usually 
amounting to about of weight of the malt employed, which is 
found to prevent, in great measure, the tendency of the beer to become 
sour in consequence of the conversion of the alcohol into acetic acid. 

The hop contains about 10 per cent, of an aromatic yellow powder, 
called lupuline, which appears to be the active portion, and which con¬ 
tains a volatile oil of peculiar odour, together with a veiy bitter sub¬ 
stance. 

The hopped wort is run off into a vat, where it is aJloT^ed to deposit 
the undissolved portion of the hops, and the clear liquor is drawn off 
into shallow coolers, where its temperature is lowered as rapidly as possi¬ 
ble to about 60® F., the cooling being usually hastened by cold water 
circulating through pipes which traverse the coolers. If the "wort be 
cooled too slowly, the nitrogenised matter which it contains undergoes 
an alteration by the action of the air, in consequence of which the beer 
is very liable to become acid. 

The wort is now transferred to the fermenting tun, where it is made 
to ferment by the addition of yeast, usually in the proportion of 
of its volume. 

Yeast L' a minute fungoid vegetable, which growq in solutions 
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coutainmg sugar together with some nitrogeuised substance a salt of 
ammonia), and the salts (phosphates of potash, soda, lime, and magnesia), 
which are essential constituents of its cells. It is only recently that the 
conditions under which the yeast plant grows have been ascertained, 
and the seeds or germs from which it originates have hitherto eluded 
detection, though it may be remarked that in this respect it only 
resembles some of the lower mosses, the vegetable character of which has 
never been called in question. 

If a little white of egg, cheese, or a piece of flesh (all of which con¬ 
tain carbon, hydrogen, nitxogen, oxygen, and phosphates), be placed in a 
solution of sugar, and allowed to undergo decomposition, a grey scum 
forms upon the liquid, which is seen under the microscope to consist of 
irregularly oval cells, the growtli of which may be watched under the 
microscope in a little of the liquid from which they were obtained, when 
they will be found to multiply rapidly by the production of new cells on 
all sides of them (fig. 289). The same cells will be developed very 
rapidly in the sweet wort of malt, allowed to 
undergo decomposition between 60° and 70° F. 

These cells contain a substance somewhat 
resembling albumen, enclosed in a thin mem<- 
brane, the composition of which is similar to 
that of cellulose. They also contain a peculiar 
nitrogeuised body resembling diastase, and 
capable of inducing the conversion of cane- 
sugar (C,,HjjO„) into grape-sugar (C^HyO^). 

Accordingly, when yeast is added to a solution 
of cane-sugar, the liquid is found to increase 
in specific gravity (a solution of cane-sugar 
having a lower density than one containing an 
equivalent quantity of grape-sugar), previously Kig 2S9. 

to the commencement of fenueutation, and 

the application of tests readily proves the presence of grape-sugar m 
the solution. 

The grape-sugar then undergoes the decomposition kuuwn as alcoholic 
/ermentatimt, which results in the production of alcohol, carbonic acid, 
lactic acid, succinic acid, glycerine, and a peculiar brown soluble matter, 
together with other substances, the true nature of which is yet tmdeter- 
mined. The fermentation is attended with a considerable elevation of 
temperature. 

Taking into consideration only the alcohol and carbonic acid, which 
are the chief products, their formation from grape-sugar may be repre¬ 
sented by th§ equation— 

= 2CAO + 2CO, + H,0. 

Orape-sugar. Alcohol. 

During the fermentation the yeast cells are gradually broken up, so 
that a given quantity of yeast is capable of fermenting only a limited 
quantity of sugar. On an%,veTage, a quantity of yeast containing between 
two and three parts of solid matter is required to complete the fermenta¬ 
tion of 100 parts of sugar. The solution remaining after the fennenta- 
tion is found to contain salts of ammonia, which have been formed at the 
expense of the nitrogen of the yeast. 

If the liquid in which the yeast excites fermentation contain nitro- 
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gems^ XDaiters and phoaphates, the yeast plant grows, ami its quantity 
increases j thus in the sweet wort from malt, the yeast is nourished by 
the alter^ gluten and by the phosphates, so that it increases to six 
or eight times its original weight. 

If yeast be heated to the boiling point of water, the plant is killed, as 
might be expected, and loses its power of inducing alcoholic fermentation; 
but it may be dried at a low temperature, or by pressure, without losing 
its fermenting power, and dried yeast is an article of commerce. German 
dried yeast is produced in the fermentation of rye for making Hollands. 

Yeast will not cause fermentation in a solution containing more than 
one-fourth of its weight of sugar, and the fermentation is arrested when 
the alcohol amounts to one-fifth of the weight of the liquid, so that the 
strength of fermented liquom could never exceed 20 per cent, of alcohol. 
The fermentation is also arrested by the mineral acids, and by many of 
the substances to which antiseptic properties are commonly attributed, 
such as common salt, kreasote, corrosive sublimate, sulphurous acid, tur¬ 
pentine, &c. 

In the fermentation of beer, the yeast is carried up to the surface by 
the efiervescence due to the escape of the carbonic acid, and is eventually 
removed, in order to be employed for the fermentation of fresh quantities 
of wort. 

Wlien the fermentation has proceeded to the required extent, the beer 
is stored for consumption. • 

It wiU be seen that the chief constituents of beer are the ahjohol, the 
nitrogenised substance derived from the albuminous matter of the barley, 
and not consumed in the growth of the yeast, the unaltered sugar and 
dextrine, the brown or yellow colouring matter formed during the fer¬ 
mentation, the essential oil and bitter principle of the hop. 

Beer also contains acetic acid (formed by the oxidation of the alcohol, 
p. 487), free carbonic acid, which gives its si)arkling character, together 
with the lactic and succinic acids and glycerine, formed as secondary pro¬ 
ducts of the fermentation, and ammoniacal salts derived from the yeast. 
The soluble mineral substances from the barley are also present, mivvs 
the phosphates abstracted by the yeast. 

The proportions of the constituents, of course, vary gi’catly, as will be 
seen from the following examples:— 


PercentAge of 

Allsopp's 

Ale. 

Uass’s Ale. 

Strong Ale. 

Whlrtn-fiad’s 

Porter. 

Whitbread's 

Stoat. 

Alcoliol, . . < . . 

6-00 

7-00 

8-66 

4-20 

6-00 

Acetic acid, .... 

0-20 

0'18 

0-12 

0-19 

0-18 

Sugar and other solid } 
matters, . . . ( 

5 00 

4-80 

6-60 

6*40 

6-38 


The dark colour of porier and stout is caused by the addition of a 
quantity of high-dried malt which has been exposed to so high a tempera¬ 
ture in the kiln as to convert a portion of its sugar into a dark brown 
soluble substance called caramel. It is said that alum and sulphate of 
iron are also added to porter and stout to cause them to froth strongly. 
The peculiar aroma of beer is probably duo to the presence of a minute 
quantity of some fragrant ether,' produced during the fermentation. 

In B(»ie fCases, when the operation of brewing has been badly con- 
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ducted, the Beer becomes ropy, or undergoes the vmom fermentation. In 
this case the sugar suffers a peculiar transformation, resulting in the pro* 
duotion of a mucilaginous substance resembling gum in its composition. 
This change may be induced in sugar by yeast -which has been boiled, or 
by water in which flour or rice has be^ steeped. White wine occa¬ 
sionally b^somes ropy from a similar cause, but red wines are not liable to 
this change, apparently because the tannin which they contain has pr^i- 
pitated in an insoluble form the ferment which induces it. During 
viscous fermentation a part of the sugar is often converted into mannite 

351. Acetipication—Manufacture of Vinegar. —^Beer which has 
become sour is often said to have undergone the aceiom fermentaiion ; 
but this is not strictly correct, the change being more similar to decay, 
since it is one in which the oxygen of the air directly takes part. The 
acidity of sour beer is caused by the acetic acid (CjH^O,) formed by the 
action of atmospheric oxygen upon the alcohol, according to the equation— 

C,HgO {Alcorn + Oj = CjHjO, (Aettk Aem + H,0. 

Pure alcohol may be exposed to the air, either alone or when mixed with 
water, for any period, without suffering oxidation; but when in contact 
with certain changeable organic substances, the alcohol undergoes oxida¬ 
tion, and ia converted into acetic acid. It is upon this circumstance that 
the differeiTD methods of producing vinegar are based. 

The most direct application of this principle is made in the so-called 
quick vinegar process in use in continental countries where alcohol is 
free of duty. Alcohol of about 80 per cent, is mixed with 6 parts of 
water, and with about 
of yeast, or some other alterable sub¬ 
stance containing nitrogen. This mix¬ 
ture is heated to about 80° F., and 
caused to trickle slowly from pieces of 
cord fixed in a perforated shelf over a 
quantity of wood shavings* previously 
soaked in vinegar, which is found 
materially to assist the acetification, 
and packed in a tall cask (fig. 290), 
in which holes have been di^cd in 
order to allow the entrance of air. The 
oxidation of the alcohol soon raises the 
temperature to about 100° F., which 
occasions a free circulation of air pjg 290 . 

among the ehavings. The mixture is 

passed three or four times through the cask, and in about 36 hours the 
conversion into vine^ is completed. The oxidation of the alcohol in 
this process is found to be anrested by the presence of essential oils, or of 
kreasote, and similar antiseptic substances. 

The necessity of affording a full supply of atmospheric air was not 
appreciated until Liebig had proved the existence of an intermediate st^ 
in the process, consisting in a partial oxidation of the alcohol by which 
it became converted into aldehyde (C,Hp), an extremely volatile liquid 

* Tho«e shavings appear to favour the process by sei'vina as points of attachment for a 
microscopic vegetable, which encourages the oxidation of the alcohol. 
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(boiling at 70" F.), which was lost in the form of vapour,‘'thus greatly 
flitniniBhing the propOTtion of vinegar obtained— 

CgHgO {dieohon + 0 = CJH4O (AidOgde) + H, 0 . 

If a sufficient quantity of atmospheric air be supplied, the production of 
aldehyde is entirely avoided. 

White wine vinegar is prepared in France from light wines by a process 
ofniuch longer duration. A little boiling vinegar is poured into a cask, 
partially open at the top, together with four or five gallons of white wine 
which has been allowed to trickle over wood shavings. In a few days, 
during which the temperature is maintained at about 80° F., a fresh quan¬ 
tity of wine is poured in, and in the course of a fortnight half the vinegar 
contained in the cask is drawn ofl^ and replaced by a fresh portion of wine. 
In this way an occasional renewal of the air in the upper part of the cask 
is provided for. The acetification is found to proceed more rapidly in old 
casks than in now ones, which is attributed to the presence of a peculiar 
conferva deposited upon the skies of the former, and styled mother of 
viimjar. It is probably for a similar reason that the acetification is pro¬ 
moted by the addition of ready-made vinegar at the commencement of the 
process. 

In this country vinegar is chiefly prepaied from malt, the infusion of 
which is allowed to undergo the alcoholic and acetous fermentation. 

Vinegar contains on an average about 5 per cent, of acetic amd, together 
with small quantities of vegetable and mineral substances, drying with 
the source from which it was obtained. Its pleasant aroma is due to tlie 
presence of some acetic ether (CjHb.C^Hj,Oj) formed during its manu¬ 
facture. The vinegar of commerce is idlowed to be mixed with 
of its weight of sulphuric acid in order to prevent it from becoming 
mouldy. 

Hkead. 

352. The chemistry of fermentation is intimately connected with the ordi¬ 
nary process of bread-making. It will be remembered that wheaten flour 
(p. 479) consists, essentially, of starch and gluten, with a little dextrine 
and sugar. On mixing the flour with a little water, it yields a doughy the 
tenacity of which is duo to the gluten present in tl^e flour. If this dough 
be tied up in a piece of fine muslin, and kneadodjinder a stream of water, 
the starch will bo suspended in the water, and will pass through the 
muslin, whilst the gluten will remain as a veiy tough elastic mass, which 
speedily putrefies if exposed to the air in a moist state, and dries up to a 
brittle homy mass at the temperature of boiling water. 

On analysis, gluten is found to contain carbon, hydrogen, nitrogen, and 
oxygen, in proportions which may be represented by the empirical formula 
C, 4 H 4 „Iir^O,, though it cannot be regarded as a single independent sub¬ 
stance, but as a mixture of three substances very closely allied in compo¬ 
sition. 

"When gluten is boiled with alcohol, one portion refuses to dissolve^ and 
lias been named vegetable jihrine, from its resemblance to the substance 
forming the muscles of animals. When the solution in alcohol is allowed 
to cool, it deposits a white fiocculent matter, very similar to the cmeine 
which composes the curd of milk. On adding water to the cold alcoholic 
solution, a third Substance (ghdiw) is separated, which much resembles 
1 ;he albumen found so abundantly in the blood. 
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The pteeence in gluten of three substances, simiW to the three principal I 
components of the animal body, leads us to foiin a high opinion of its | 
value as a nutritive compound. But gluten itself, separated from the flour 
by the process above described, would be found very diflicult of digestion, 
on account of its resistance to the solvent action of the fluids in the 
stomach; indeed, the dough composed of flour and water is proverbially 
indigestible, even when b^od. In order to render it flt for food, it muj^ 
be rendered spongy or porous, so as to expose a larger sur&ce to the action 
of the digestive fluids of the body; the most direct method of eflecting j 
this is the one adopted in the manufacture of the aerated bread, and con- i 
sists in mixing the flour with water which has been highly charged, under ‘ 
pressure, with carbonic acid gas; the mixing having been efl'ected in a 
strong closed iron vessel, an ajHirture in the lower part of this is opened, 
when the pressure of the accumulated gas forces the dough out into the 
air, and the gas which had been imprisoned in the dough expands, con¬ 
ferring groat porosity and sponginess upon the mass in its attempt to | 
escape. In another process for preparing iinfennented bread, the flour is | 
mixed with a little bi-carbonate of soda, and is then made into a dough t 
with water acidulated with hydrochloric acid; the latter decomposing - 
the bi-carbonato of soda, libci-atos its carbonic acid,^'Which renders the j 
broad porous. The chloride of sodium formed at the same time remains ! 
in the bread. In the preparation of cahes and pastry, the same object is 
sometimes attained by adding carbonate of ammonia to the dough; when - 
heat is applietl, in the baking, the salt is converted into vapour which 
distends the dough. 

In tlie common process of bread-making, however, the carbonic acid 
destined to confer sponginess upon the dough is evolved by the fermenta¬ 
tion of the sugar contiiined in the flour; the latter having been kneaded 
with the proper proportion (usually about half its weight) of water, a little 
yeast and salt are added, and the mixture is allowed to stand at a tempera- ' 
ture of about 70“ F. for some hours. The dough swells or risen considerably 
in consequence of the esca])e of carbonic acid, the sugar being decomposed 
into that gas and alcohol, as in ordinary fermentation. The spongy dough 
is then baked in an oven, heato«l to about 600° F., when a portion of the 
water and the whole of the alcohol are expelled, the carbonic acid being 
also much ex])anded by the heat, and the pomsity of the bread increased. 
The granules of starch are much altered by the heat, and become far more 
digestible. Although the temperature of the inside of the loaf does not 
exceed 212° F. the outer portion becomes dry and hard, the hottest part 
being even torrefied or scorched into crust. 

Occasionally, instead of yeast, leaven is employed, in order to ferment 
the sugar, leaven being dough which has been left in a warm place until 
decomposition has commenced. 

The passage of new into stale bread does not depend, as was formerly 
supposed, upon the drying of the bread consequent upon its exposure to 
air, but is a true molecular transformation which takes place eqiudly well 
in an air-tight vessel, and without any loss of weight. It is well known 
that when a thick slice 6f stale bread is toasted, which drm it still 
further, the crumb again becomes soft and spongy as in n^ bread; and 
if a stale loaf be again placed in the oven, it is entirely reconverted into 
new bread. 

Wheaten flour is particularly IX^ell fitted for the preparation of broad on 
account of the great tenacity of its gluten. Next to wheat in this respect 
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stands zye, whilst the other cereals contain a gluten so deficient in tena¬ 
city that it is impossible to convert them into good bread. 

Barley bread is close and heavy, since its nitrogenised matter is chiefly 
present in the form of albumen, which does not vesiculate like gluten, 
during the fermentation. 

Even in wheaten flour the. tenacity of the gluten is liable to variation, 
afid in order to obtain good bread from a flour the gluten of which is 
inferior in this respect, it is customary to employ a minute proportion of 
alum. This addition being considered unwholesome by some persons, it 
would be better to substitute lime-water, which has been found by Liebig 
to have a similar eflect. Sulphate of copper improves in a very striking 
manner the quality of the bread prepared from inferior flour, but this 
salt is far more objectionable than alum. 

Thb Sugars. 

36fi. The conversion of starch into grape-sugar, when heated in contact 
with diluted acids (p. 482), is taken advantage of for the preparation of 
this variety of sugar on the large scale. For this purpose, water acidulated 
with xi^th of sulphuric acid is heated to ebullition, and a hot mixture of 
starch and water allowed to flow gradually into it, so as not to reduce its 
temperature below the boiling point. The mixture is kept boiling for 
hali-an-hour, after which chalk is added in small portions at a time to 
neutralise the sulphuric acid, and the sulphate of lime having been 
allowed to subside, the clear syrup is drawn ofiF, and?evaporated to the 
crystallising point. The conversion is accelerated by heating under 
pressure with steam at 320° F. , 

The grape-sugar or glucose thus manufactured cannot be employed as a 
substitute for the sugar extracted from the sugar-cane, on account of its 
greatly inferior sweetening power, which is less than half that possessed 
by cane-sugar,* It is, moreover, far less soluble in water, 1 part of grape- 
sugar requiring part of water to dissolve it, whilst'cane-sugar requires 
only ^ part. Grape-sugar has been employed, however, for the adultera¬ 
tion of cane-sugar and honey. The fraud is easily detected in cane-sugar 
by boiling a portion of the sample with a little solution of potash, when 
the grape-sugar is decomposed, and’ colours the liquid intensely brown, 
pure cane-sugar giving very little brown colour unless boiled for a long 
time. A more delicate mode of detection consists in adding to a solution 
of the sugar a few drops of solution of sulphate of copper, and enough 
solution of potash to form an intensely blue liquid. ITie oxide of copper 
is not precipitated in the presence of either of the sugars; but if the blue 
liquid be very gently heated, a red precipitate of suboxide qf copper will 
separate if grape-sugar be present, whilst with pure cane-sugar ^e pre¬ 
cipitation does not take place unle^ the solution is boiled. Sulphate of 
lime will generally be detected in sugar or honey adulterated with glucose. 

Even cellulose is transformed into dextrine and grape-sugar under the 
influence of sulphuric acid. If linen, calicO| cotton-wool, or paper be 
dried, and gradually moistened with part of concentrated sulphuric 
acid, avoiding elevation of temperaturo, it is converted in the course of a 
few hours into a gummy mass which dissolves in water, and is veiy 
similar to dextrine. When the eellulo^ has been left in contact with 

* Heiu» the toM- ot anger by sweetening taita before baking them, part of the sugar 
being converte^iiito.grape-sngar by the vegetable ac|da of the fruit. 
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the acid for a day or two, it should be dissolved in a large quantity of 
water, and boiled for 8 or 10 hours in order to effect the conversion into 
sugar; the acid may then be neutralised with chalk, the eolutiqu filtered 
from the sulphate of lime, and evaporated, when it furnishes a crystalline 
mass of grape-sugar. 

Closely connected with the conversion of cellulose into dextrine by 
contact with strong sulphuric acid, is that very remarkable change® of 
paper into vegetable parchment If dry white blotting-paper be drawn , 
through a cooled mixture of the strongest oil of vitriol with half its bulk 
of water, ^nd be then thoroughly washed in a large volume of water, it, 
becomes five times as strong as before, and has |th8 of the strength of| 
ordinary animal jjarchment. The parchment paper, when dry, is found | 
to liave suffered no alteration in weight, and analysis shows its compusi-| 
tion to be unchanged. Tliis remarkable increase in strength must, there-1 
fore, be referred to a molecular alteration. The paper is also found to | 
have become almost waterproof, and presents a somewhat translucent) 
appearance like paper which has been slightly oiled. It receives many | 
useful applications, for luggage labels which are not easily tom or re-; 
moved by rain, and as a substitute for animal membrane in tying over; 
preserves, &c. 

This susceptibility of conversion into grape-sugar possessed by starch 
and cellulose, affords a very important clue in tracing the changes which 
take place in living vegetables. It has been already seen (p. 482) that 
during the germination of seeds, their starch is converted into sugar, in 
order that it may be carried in a soluble form to the extending limbs 
of the vegetable frame; but it would appear that in these parts, where 
a deposition of cellulose is required, the sugar (CgH^Oj) is reconverted 
into that substance (CgHj^OJ. In the ripening of the fruit, however, 
the ligneous matter and the starch seem to be again converted into, 
sugar, under the influence of the vegetable acids which unripe fruits 
contain. 

Strictly speaking, tlie sugar contained in ripe fruits and in new honey 
is not grape-sugar but a distinct variety of sugar knowm as, 

frait sugar or fructose, and having the composition (CgHj/y. This' 
sugar has also been designated, in reference to its characteristic feature,^ 
vncrystallisahle sugar, and its production seems to constitute an interme-.f 
diate stage in the transition of starch, cellulose, and cane-sugar into grape-^ 
sugar. Hence it is found that if the ebullition with diluted sulphuric^ 
acid be arrested as soon as the liquid becomes sweet, no crystals can be, 
obtained, but on further ebullition, the fructose is converted into crystal- 
lisable glucose. "When honey is kept for some time, the fructose gra-* 
dually becomes converted into a crystalline mass of glucose. The sam^^ 
change is seen to take place in raisins, which contain granules of glucose,, 
though the fresh grapes contain only fructose. 

The uncrystallisable sugar forms the chief ingredient of molasses and 
treacle, for although the fresh juice of the sugar-cane contains no fructose,’ 
the treatment to which ^ is subjected in the extraction of the sugar occa,^ 
sions a copious formation of the uncrystallisable sugar at the expense of 
the cane-sugar. The simple ebullition of a solution of cane-sugar for e 
considerablq period is said to convert a portion of it into fructose, and if 
a minute quantity of any uncombined acid be present, the change takes 
place very rapidly. Pure cane-sugar dissolved in water gradually change)^ 
into fructose when exposed^to the light. I 
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364. Ikdraciion of cane-mgar, —In the extraction of sugar from the 
sugar-eane, the latter is out before the period of flowering, when, as might 
be expected, this soluble nutriment of the plant is most abundant. For 
a sim^r reason, the canes are cut off close to the ground, since in the 
higher joints of the cane much of the sugar has already been consumed 
for their development. 

A specimen of sugar-cane from Martinique was found to contain— 

Juice,.90*1 

Woody fibre, . . 9*9 

1000 

So that, theoretically, 100 parts of cane should yield as much as 90 parts 
of juice. The canes are crashed between iron cylinders, which express, 
under the best arrangements, only 66 parts of juice from 100 of cane. It 
has been found possible to increase the yield by steaming the canes before 
submitting them to a final pressure. The juice thus expressed contains 
about 18 per cent, of sugar, together with the usual components of the 
sap of plants, such as vegetable acids, albumen, salts, &c. 

In the tropical climate in which the extraction is conducted, the albu¬ 
men of the juice speedily alters when exposed to the air, and excites 
fermentation in the sugar, by which a considerable quantity would be 
' :lost. If the fresh juice were heated to coagulate the ^bumen, the free 
acid contained in it would change a portion of the sugar into the uncrys- 
tallisable variety. To avoid this, the juice is mixed with y^^^th part of 
slaked lime, and is then heated to 140° F. in large flat copper pans. The 
coagulated albumen rises to the surface of the heavy syrup, and forms a 
thick scum, which is taken off, and the clear syrup is evaporated till it is 
strong enough to crystallise, when it is run off into shallow wooden vats, 
and allowed to cool for 24 hours. When briskly stirred, it congeals to a 
senoi-solid mass of crystals, which are allowed to drain for three weeks in 
, casks with perforated bottoms. The raw sugar thus obtained, after dry¬ 
ing in the sun, is sent into commerce, the drainings being styled molasses 
or treacle. The weight of raw sugar seldom exceeds juice, 

that is, about half the quantity winch the juice is known to contain, the 
reminder having been converted into uncrystallisablo sugar during the 
process of extraction. The loss is found to be materially diminished by 
the usq of vacuum pam^ in which the evaporation of the syrup is con¬ 
ducted under diminished pressure, and therefore at a lower temperature. 
Greater economy is also introduced into the manufacture by the use of 
the crushed canes as fuel for the evaporating fires, and by restoring their 
. ashes to the land as food for ensuing crops. The skimmings of the clari¬ 
fied juice are also advantageously used as -manure. 

The raw sugar obtained by the process just described contains about 
60 per cent, of pum cane-sugar, the remainder consisting of water, un- 
ciystallisable sugar, colouring matter, and various salts and other foreign 
substances derived from the cane-juice. 

In the ordinary process of sugar-refining^ tWo or three parts of raw 
sugar in one part of water containing a little lime in solu¬ 

tion, and mixed with three or four parts of ground bone-black for every 
1 Shundred of sugar; a small quantity of serum of bullock’s blood is also 
1 sometimes^^dd^ ‘This mixture is Wtodliy the passage of steam through 
; it,, when the J^ulnen of the serum is coagulated, and rises to the sur&ce 
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in the form of a scum which entangles the floating impurities as well as 
the bone-black, and leaves the syrup much lighter in colour, a consider' 
able part of the colouring matter having been removed by the charcoal. 

The syrup is then filtered through a thick layer of coarsely powdered 
bone-black, and is thus rendered perfectly colourless and ready for evapora¬ 
tion, which is conducted in a boiler with double sides, so that it may be 
heated by steam admitted between the two, and furnished with a dome 
from which the air may bo exhausted in order to allow the evaporation 
to be conducted at a lower temperature, as well as out of contact with 
the atmospheric oxygen, so as to diminish as far as possible the produc¬ 
tion of uncrystallisable sugar. The boiling down of the syrup, which 
would require a temperature of 230° F. at the ordinary pressure, may 
thus be conducted at 160“ F. When sufiiciently evaporated,* the syrup 
is transferred to a heated vat, where it is stirred until a confused 
crystallisation commences, and is then drawn off into inverted sugar- 
loaf moulds of iron or earthenware, and allowed to crystallise during, 
about 20 hours. The crystalline mass is then allowed to drain by the 
withdrawal of a plug at the apex of the inverted cone, and is washed 
with a little pure syrup to remove adhering colouring naatter, after 
which the loaf is dried in au oven and finished by turning in a lathe. 

The operation of washing with syrup is often referred to as daying, 
being sometimes effected by placing some powdered sugar upon the base 
of each loaff and over this a cream of pure pipe-clay, the water drain¬ 
ing from which dissolves the powdered sugar, and the syrup thus 
formed washes the loaf. The object of the clay appears to be simply 
to allow the water to flow gradually through the sugar. 

The process of refining is sometimes shortened by washing the raw 
sugar with strong syrup, so as to remove the bulk of the imparities at 
the commencement, and a very ingenious method, known as the centri¬ 
fugal proeenH, has been devised for separating the syrup from the sugar 
thus washed. The pasty mixture of sugar and syrup is introduced into 
a cylinder of strong close metallic gauze, which is rapidly turned upon 
its axis, when the liquid syrup of course flies off through the apertures 
of the gauze, and is collected by a bopc surrounding the cylinder. A fresh 
quantity of synip is then introduced, and separated in the same manner, 
so that the washing may bo rapidly carried as far as may be deemed 
expedient. 

366. During the wars of Napoleon, when the importation of sugar into 
France was suspended, this substance was extracted from the beet-root, 
and this process still forms a very important branch of French industry. 

The white beet only is employed, on account of the difficulty of separat¬ 
ing the col(fiiring matter existing in the juice of the red variety. The 
juice contains about ten per cent, of cane-sugar, half of which only is 
usually obtained in the crystallised state. The process adopted for extract¬ 
ing it does not differ in principle from that applied to the juice of the 
sugar-cane. ’ 

Cane-sugar is also extracted in the United States from the sap of the 
sugar-maple, which is collected, usually in the spring, from deep incisions 
through the bark, into each of which a pipe of reed or elder is inserted 

* The state of concentration of the syrup is known by the d^ree of viscidity which it 
exhibits between the finger end thumb, by the length of the thread to which it may be 
drawn, end by the mode in which this curls after breaking. 
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to conduct the jiuce into pans placed for its reception, whence it is re¬ 
moved before it has had time to become changed by fermentation. The 
Juke is evaporated rapidly, and the raw crystalline mass sold without 
further refining. On an average, each tree furnishes about six pounds of 
sugar during the season. 

Sugar-6aMy consists simply of large rhomboidal prismatic crystals of 
su^r deposited upon strings stretched across crystallising troughs, in 
which a strong syrup is slowly evaporated at a^ut 170° F. 

Barley-Siigar is prepared by evaporating the syrup beyond the crystal¬ 
lising point, tiU it solidifies, on cooling, to a vitreous mass, which is poured 
out on a cold surface and mampnlatcd to the requisite forms. When 
kept for some time, the transparent barley-sugar becomes crystalline and 
opaque. 

Caramel (CjjHjgOg) is a dark brown substance produced by the action 
of a temperature of about 400° F. upon melted sugar. It is very soluble 
in water, and gives an intensely brown liquid, for which reason it is 
employed for colouring sauces, gravies, brandy, wines, &c. i 

366. Chemical properties of the sugars .—^Although cane- and grape-sugar appear to 
be essentially indifferent substances, .they are remarkably prone to form combina¬ 
tions with many basic metallic oxides. Thus a solution of cane-sugar is capable of 
dissolving a large quantity of lime, forming a compound (CaO.CuHjgO,,) which is 
much more soluble in cold than in hot water, so that on boiling the transparent 
solution it becomes perfectly opaque, but resumes its transparency on cooling. This 
has been applied for separating the ciystallisable sugar from molnsses, \he compound 
of sugar and lime precipitated by boiling being re-dissolved in cold water and tinted 
with c.ai'honic acid to separate the lime. 

On boiling the hydrated oxide of lead with a solution of sugar, it is dissolved, 
and as the solution cools, a white powder is deposited, which has the composition 
‘iPbO.CijHiaOg.lIgO, the water being ex^iclled at a temperature of 212®. The com¬ 
position of this compound would load to the belief that cane-sngar contains two mole¬ 
cules of constitutional water, and that its formula should be written C„H.„tV2H,0. 
Uy carefully heating cane-sugar, the compound, C,,Hj„Oio, saccharide^ has been 
obtained, and if this be farther heated it yields CijHjgOg, emaoecl. When a solution 
containing 1 part of salt aud 4 jiarts of suf;^r is allowed to evaporate sponta¬ 
neously, it deposits a deliquescent compound containing 2(NaCl. 

Many metric oxides form compounds with sugar, which are readily soluble in 
alkaline liquids, so that the addition of sugar to solutions of the oxides of copper and 
iron, for example, prevents the precipitation of these oxides by the alkalies. 

Grape-sugar also combines with many bases. The compounds which it forms with 
'"the alkalies are very unstable, aud their solutions, which are at first alkaline, soon 
become neutral in consequence of the conversion of the grape-sugar into glvxie acid 
(HgCigHijOg) by the loss of the elements of water. 

By saturating a solution of grapemgarwith common salt, a liquid is obtained which 
deposits well-defined crystals, h.aving the composition 2(C8Hi,0,). NaCL H,0. When 
dried at 212° it becomes 2(C^H,,Og).NaCL The true formula of grape-sugar is 
obviously CgHigOj.HjO, for if it be dissolved in hot strong alcohol (which dissolves 
far more grape-sugar thau cane-sugar) it crystallises on cooling, in prisms, which 
have the formula GgHijOe. A molecule of water may also be expelledirom ordinary 
gr^-sugar at 212° F. 

l^e action of sulphuric acid upon cane- and grape-sugar is very different; the 
former is carb'onisea and completely decomposed, whilst the latter combines with 
the sulphmio acid to form sulphosaodwirie acid, which yields soluble salts with lime 
andbaryto.* 

The optical TOoperties of solutions of the sugars are now often turned to account 
for their identmeation, and even for the determination of their quantities. Grape- 
sugar and cane-sugar both rotate the plane of polarisation of a ray from left to right, 
cane-sugar having rather a more pqwerful action, but the nncrystallisahle friiit-sugar 

• Ethyle-gluam, a hitter, fragrant, oily substance, has been obtained by acting upon 
«dl^-simar with bromide of ethyle and potash; it may be represented by the formula 
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rotates the plane in the opposite direction, ftom right to left. .If a solution of cane- 
snm, possessing the rotatoir power from left to right, be heated with hydrochloric 
acid, it acquires tiie power of rotating the plane of polarisation firom right to left, in 
cons^uence of the conreiUioil into unciystallisahle at^ar. 

Starch-sugar exhibits three different modes of action upon polarise ligd^t, for a 
solution which has been kept some hours rotates the plane of polarisation only half 
as much as the freshly made solution; and if the sugar prepared from jnalt be dis¬ 
solved in water, the solution has thrice the rotatory power which it possesses after 
being kept,'and its rotatory 'power is one-third higher than that of the fireshfy 
dissolved starch-sugar. All these may be reduced at once to the lowest rotatory 
power by heating them nearly to ebullition and allowing, them to cooL 
^ 857. the sweet principle of manna (the concrete juice of the 

' Fraxinm ^us), ms already been noticed as one of the products of that peculiar 
kind of fermentation known as the vueous, to which beet-root juice is especially 
liable. It is also found in certain mushrooms, in sea weeds, celery, aspara^s, and 
onions. By treating manna with hot alcohol, and allowing the filtered solution to 
cool, the mannite may be obtained in beautiful prismatic crystals, which have a sweet 
taste,.and dissolve readily in water.' Mannite diflers widely from cane- and grape- 
sugar in not fermenting when placed in contact with yeast; and this circumstance, 
taken in conjunction with its composition, which differs so much from that of other 
members of the saccharine group, nas always led tcv the belief that it was not pro¬ 
perly classed among these./ ^ 

Recent investigations have given it a place by the side of glycerine, the sweet 
principle of fats and oils, as will be seen hereafter. * 

Glyvyrrhizin&y the sweet principle of the liquorice root, somewhat resembles man¬ 
nite, but does not crystallise. 


GUIT-COTTON AND SUBSTANCES ALLIED TO IT. 

358. Starch, the sugars, and cellulose, when aOted on by the strongest 
nitric acid, iiiruish com}>ounds which are remarkable for their explosive 
character, and are formed by tho substitution of nitric peroxide (NOg) for 
a portion of the hydrogen. By far the most important of these is 
^pyroxylive (wvp, fire, ^vKov, wood), which is produced by the action of 
nitric acid upon the different forms of woody fibre, including wood, 
cotton, and paper. 

^ If a piece of w hjte unsized paper (fi lter-pape r) be soaked for a few 1 
minutes in the strongest n jtric a cid (sp. grTl'SS), then washed ift a large \ 
volume of water and alloweiTlo diy, it will he found to have suffered 
little alteration in appearance or texture, but to have acquired the pro-« 
perty of burning with almost explosive violence on tho application of a 
llame or even of a moderately lieated glass rod. This is duo to the 
I presence, in the altered paper, of a quantity of oxygen in the form of 
(,NOg (nitric peroxide), which serves to burn up the paper very rapidlj^ 
rendering it in great measure independent of any extr^eous supply of 
oxygen^Tho NOj has been introduced into the paper in the place of an 
equivalent quantity of hydrogen, which has been converted into water by 
the third atom of oxygen ip the nitric acid (HNOj). 

The pyroxylmo so obt^ned, however, is always associated with a 
quantity of unaltered paper, for the water which is formed by the oxidar 
tion of the h^drogsn, dilutes the remaining nitric acid, so that unless a 
very large proportion of jfitric acid were employed, the acid would become 
so far weakened towards the close of the operation as to be incapable of 
converting the last portions of pap^r into pyroxyline. Moreover, since 
each fibre composing the paper is a very minute tube, often folded several 
times, it is not possible for the nitric acid to penetrate its entire substance 
unless the paper he soaked in it for a long time. 
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In order to effect a more complete conversion of the woody fibre into 
pyroxyline, the nitric acid most he mixed with strong sulphuric acid, 
wMch Mrill combine with the water produced by the action of the nitric 
acid upon the hydrogen of the fibre, and will thus virtually maintain the 
nitric acid at its greatest strength throughout the operation. Cotton 
wool, from the looseness of its texture, is more easily converted into 
pyroxyline than paper. 


following pr^rtions may be recommended for the preparation of gan-cotton 
^on a small scale ;—Dry 1000 grains of pure nitre (p. 424) at a very moderate heat, 
place it in a dry retort (lig. 291), pour upon it 10 drms. (by measure) of strong sul¬ 
phuric acid, and distil until 6 arms, 
of nitric acid have passed over 
into the receiver. Dry some pure 
cotton wool, and weigh out 30 grains 
of it. Mix 24 measured drachms of 
the nitric acid with an equal volume 
of strong snlphuric acid iu a sni^l 
beaker. Allow the mixture to cool, 
immerse the cotton wool, pressing 
it down with a glass rod, cover the 
beaker udth a glass plate, and set 
it aside for fifteen minutes. Lift 
the cotton out with a glass rod, 
throw it into at least a pint of water, 
and wash it thoroughly in a stream 
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of water till it no longer tastes acid or reddens blue litmus paper. Dry the cotton by 
exposure to air or at a very moderate heat. 

Very great attention has been paid to the manufacture of gun-cotton 
during the last few years, with the object of producing a perfectly uniform 
product which might be employed as a substitute for gui^owder. 

The fo Uowu ig_jfiL^'gg»Jf\-gg^ot*the ^cesriow generally aa6ptea"lof 
P^^nd»(;f^[5nof large quantities of gun-cotton by Abel’s process:— 


859. Manufadure of gim-cotUm .—The cotton is employed in the form of the waste 
cuttings from spinning machines (cotton waste). 

The proportions in which it is found most advantageous to mix the nitric and 
snlphunc acids are 1 part of nitric acid (sp. gr. 1'62) and 8 parts by weight (or 2'46 
by volume), of sulphuric acid (sp. gr. l'84Ji. These proportions of the acids are 
placed in separate stoneware cisterns with taps, and allowed to run simultaneously, 
m slow streams, into another stoneware cistern furnished with a tap and an iron lid, 
'■ through a second opening in which an iron stirrer is employed to mix the acids 
thoroughly. The mixture is set aside for several hours to become perfectly cool. 

A quantity of the mixed acids is drawn ofl' into a deep stoneware pan standing in 
cold water, and provided with a perforated iron shelf, upon which the cotton may be 
drained. The well-dried cotton is immersed, a little at a time, in^ the acid, and 
stirred about in it for two or three minutes with an iron stirrer. It is then placed 
upon the ]perforated shelf, and the excess of acid squeezed out with the stirrer. 
Enough acfd is drawn from the cistern to replace that which has been absorbed by 
the cotton, and more cotton is treated in the same way. Since a considerable rise of 
temperature is produced by the action of the nitric acid upon the cotton, it is neces¬ 
sary to keep the pan surrounded with cold water. A large proportion of the cotton 
is douhGess converted into gan-cotton in this preliminary immersion iu the mixed 
aci^ ; hut in order to convert the remainder, it is necessary to aUow the cotton to 
remain in contact with the acid for a much longer period, so as to ensure its TOnetra- 
tion into every part of the minute twisted tubes of the fibre. The preliminary 
immersion of each skein has the advantage of wetting every part with the add, whicii 
could not be so certainly effected if several skeins were thrown at once into a jar, 
and of preventing the great accumulation of heat which would ensue if the entire 
chemiou action were imowed to take place upon a number of skeins at the same 
time. The amount of heat evolved during the subsequent soaking in acid is com- 
nuarively small. 

^ The BReina are next transferred to a jar with a well-fitting cover, in which they 
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are pressed down and completely covered with the mixed acids, of which from 10 to 
15 times the weight of the cotton will be rranired, according to the closeness with 
which the skeins are p^ked in the jar. The jar is placed in cold water, and the 
cotton allowed to remain in the acid for 24 hoars. 

The ^eins ore then removed, with the aid of an iron hook, to a centrifugal 
extractor, which is a cylinder made of iron or copmr ganze, through which uie 
liquid is whirled out by the rapid rotation of the c^inder upon an we. In this 
the^ are whirled, at nrst slowly, and afterwards at 800 revolutions per minute, 
dunng ten minutes, when the bulk of the acid is separated. In order to wa^ away 
the remainder of the acid, the cotton is plunged, suddenly, in very small portions, 
into a large volume of water; for if the water were allowed to edme slowly into con¬ 
tact with the mixed acids, so much heat would be evolved as to decompose a portion 
of the pyroxyline. The cotton is then drained in the centrifugal extractor, and 
again rinsed in much water. After two or three rinsings it is remiced to pulp in a 
rag-engine such as is employed in paper-mills. The pulp is thoroughly washed by 
being well stirred up by a poaching-engine for about 48 hours in a stream of warm 
water, so as to remove every trace of acid, which is assisted by rendering the water 
alkaline with a little lime or carbonate of soda. The pulp is then drained, moulded 
into discs or any other required form, condensed by hydraulic pressure until it has 
about the same, specific gravity as water, and dried upon heated plates. As it leaves 
the hydraulic press, the cotton contains about one-fifth of its weight of water, so that 
it may, if required, be cut up or bored without danger of explosion. / 

360. Chemical compoHUon of gun-cotton .—^Perfectly pure gun-cotton 
contains carbon, hydrogen, nitrogen, and oxygen, in proportions which 
correspond to the empirical fonnula Tlie determination of 

its rational formula is attended with difficulty, because, being an indiffe¬ 
rent substance, it does not form definite combinations with other bodies 
of known molecular weight, and it is, of course, impossible to arrive at its 
volume in the state of vapour, which so frequently affords valuable assist¬ 
ance in fixing a rational formula. Having regard to the mode of its for¬ 
mation from cellulose (cotton), CeHj„Og, by the action of nitric acid, 
without evolution of gas, the most probable rational formula appears to 
be CgHy(N 0 j) 305 , which represents it as frinitrocellulose, or cellulose in 
which three molecules of nitric peroxide have been substituted for three 
atoms of hydrogen. The action of nitric acid upon the cotton would then 
be represented by the equation— 

C„H,„03 -h 3 (im 03 ) = 0311,(^03)A -h 3H3O. 

CellnlOHe. Trinitrocellulose. 

According to this equation, 100 lbs. of cotton should furnish 183 lbs. 
of gun-cotton ; but in practice only about 177 lbs. are obtained, a part of 
the deficiency being accounted for by unavoidable mechanical loss, and by 
small quantities of foreign matters dissolved out by the acids. 

That the nitrogen is really present in the gun-cotton in the form of 
nitric peroxide (NOj), as implied in the above formula, is indicated by 
the action of potash, which dissolves the gun-cotton, and yields a solution 
containing nijjtrate and nitrite of potash, exactly the products which are 
formed by the action of potash upon nitric peroxide (p. 141). 

Another reaction of gun-cotton which supports the above view of its 
constitution, is that with hydrosulphate of potassium. If some hydrate of 
potash be dissolved in alcohol, and the solution saturated with gaseous 
hydrosulphuric acid, an alcoholic solution of hydrosulphate of potassium 
(BLHS) is obtained; and if the gun-cotton be immersed in this solution, 
and gently heated, it will be rapidly reconverted into ordinary cotton, and 
nitrite of potash will he found in the solution— 

C.UJmXOt + 3(KHS) = + 3(0;00 + S,. 

TrlnitroccUnlose. CeUtiloBe, 

This is the so-called synthetical method of determining the composition 

2 I 
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ci goQrCotton, foT of course 183 parts of the latter should furnish 100 parto 
of cotton. 

361. Products of the ea^losim of gun-cotton .—From what has heai 
stated with respect to the products of explosion of gunpowder (p. 423), it 
might be expected that those furnished by gun-cotton would vary accord¬ 
ing to the conditions under which the explosion takes place. When a 
n&SB of the gun-cotton wool is exploded in an unconhned state, the 
explosion is comparatively slow (though appetuing to the eye almost in¬ 
stantaneous), since each particle is iirod by the iiame of that immediately 
adjoining it, the heated gas (or dame) escaping outwards, so that some 
time elapses before the interior of the mass is %nitod. But when the 
gim-cotton is enclosed in a strong case, so that the dome from the portion 
drst ignited is unable to escape outwards, and must spread into the interior 
of the mass, this is ignited simidtaneously at a great number of points, 
and the decomposition takes place far more rapidly; a given weight of 
cotton being thus consumed in a much shorter time, a far higher tempera¬ 
ture is produced, and the ultimate results of the explosion are much less 
complex, as would be expected* from the well-known simplifying effect of 
high temperatures upon chemical compounds. 

S If a tuft of gun-cotton wool be placed at the bottom of a tall glass cylinder, and 
inflamed by a heated wire, it wul be seen that, immediately after the explosion, 
the gas within the cylinder is colourless, but it soon becomes red, showing tliat nitric 
oxide was present among the products, and became converted into nitrous acid and 
nitric Mroxide by the oxygen of the air. Of course these are strongly aci^ and 
hence the acid character of the moisture deposited in the barrel of a fowling-piece in 
which gun-cotton cartridges are employed. In order to avoid corrosion of the barrel 
it is necessary that it should be cleaned at the end of tlie day’s shooting. 

A little hydrocyanic acid can be detected among the products of combustion of 
loose gun-cotton. ^ 

The determination of the products of explosion of confined gun-cotton 
has been effected by Karolyi in the same manner as in the case of gun¬ 
powder (see p. 418), by enclosing the cotton in a cast-iron cylmdor, strong 
enough to resist bursting until the combustion of the last portion of 
the charge, which was suspended in an iron globe exhausted of air, 
and exploded by the galvanic battery; the total volume of the gases 
collected in the globe was then determined and subjected to analysis. 
The amount of gun-cotton fired was about 150 grains. Unfortunately, 
the formula given for the sample of gun-cotton experimented on does not 
represent the tiinitrocellulosc which constitutes pure gun-cotton, being 
instead of CjjHi 4 NgOjj (representing 2 molecules of trinitro- 
ceUnlose), but the difficulty attending the exact ultimate analysis of gun¬ 
cotton is so great, that there is greater probability of the analysis being 
incorrect than of the composition of theliotton having really differed mate¬ 
rially from that of trinitxocelluloBe. 100 grains of gun-cottoh gave a quan¬ 
tity of aqueous vapour and gaseous products, calculated to occupy, at 
F. and 29*06 in. Bar., 325*5 cubic inches, supposing the aqueous 
vapour to remain uncondensed at that temperature. The analysis of the 
gas proved that 100 volumes of the products of explosion*contain— 


Aqueous vapour, . . 25*84 vols. 

Ckurbonic oxide (GO), . 28*96 „ 

Carbonic acid (COj) . 20*82 „ 

Nitrogen, .... 12*67 „ 

Hydrogen, . . 8*16 „ 

iMTsh-gas (CH 4 ), . . 7*24 „ 






98*18 
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If the marsh-gas and hydrogen be left out of consideration, the follow¬ 
ing equation will account for the other products of the explosion, sup¬ 
posing the gun-cotton to be pure tiinitrocellulose— 

2C^(HO,)A = 9CO -f. SCO, + 7H,0 + IT,. 

According to this equation, 100 grains of gun-cotton should furnish 366 
cubic inches of gas and vapour, instead of 326*6 as determined by expen- 
ment, and the volumes of the products should be— 

Aqueous valour, ... 28 vols. 

Carbonic oxide, . . . 36 ,, 

■ Carbonic acid, . . 12 „ 

Nitrogen. 12 „ 

which do not agree with the experimental results. It is not to be ex¬ 
pected, however, that one simple equation should correctly represent all 
the products of such a decomposition (see p. 420). 

A cubic inch of compressed gun-cotton, of the,same density as water, 
weighs about 250 grains, and would evolve, according to the above 
equation, 865 cubic inches of gas and vapour at 60° F., supposing the 
steam to be capable of remaining uncondensed. 

A cubic inch of gunpowder, of density 1*75, weighs about 440 grs., 
and would evolve by calculation (p. 420) about 390 cub. in. of gas at 60° F. 
This would become 4156 cubic inches at the calculated temperature of 
the explosion, corresponding to a pressure of about 26 tons per square 
inch. The quantity of heat generated in the explosion of gun-cotton has 
not been determined, but if it be identical with that evolved by gun¬ 
powder, the temperature of the flame of gun-cotton would be 2166° C. 
(= 3930° F.), a temperature much lowev* than in the case of gunpowder, 
because the specific heats of the products from gun-cotton are higher. At 
that temperature, the 865 cubic inches of gas generated by a cubic inch 
of gun-cotton would become about 7720 cubic inches, and would exert 
a pressure of about 50 tons upon the square inch, or nearly twice that 
calculated for gunpowder. 

The experiments hitherto made have been unfavourable to the employ¬ 
ment of gun-cotton as a substitute for gunpowder in artillery, on account 
of the injury which its violent explMion occasionally inflicts upon the 
gun. For use in fowling-pieces, the gun-cotton pulp is diluted with a 
proportion of ordinary cotton pidp, and made into a kind of paper which 
is rolled up to form the cartridges. Although such cartridges leave a con¬ 
siderable carbonaceous residue when fired «on a plate, tliey leave little or 
no residue when fired under pressure. 

If a piece of compressed gun-cotton be kindled with a hot wire it 
bums rapidljT away, producing a large volume of flame, but without 
any explosive efiect.* In older that gun-cotton fired in this manner 
might be used for destructive purposes, it was found necessary to confine 
it in strong cases, so that the flame of the portion first ignited should be 
employed in raising the temperature of the rest to the exploding point. 

The discovery, made by «E. 0. Brown, of a method by which the uncon- 
fined gun-cotton could be made to explode with most destractive violence, 

* Too tnucli stress, however, shotild not be laid upon this as rendering gun-cotton mam- 
zines safer in case of fire than gunpowder magarines. The exmrinient with gunpowder 
mentioned at page 423, shows that if all the particles of an exjplosive he raisetl at once to 
nearly the in^ming point, the first particle which inflames will cause the detonation of 
the reihainder. Since the inflaming point of gun-cotton is low, the above condition would 
be easily Mfllled in a conflagration. 
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has opened a new career to this material, rendering it far superior to 
gunpowder for all blasting operations, torpedoes, &c. It is only neces¬ 
sary to explode in contact with the compressed cotton a detonatiTiig fim, 
consisting of a little tube of quill or thin metal charged with a few grains 
of fulminate of mercury, to cause the cotton to detonate with extreme 
violence; and such detonation can be communicated along a row of 
pieces of compressed cotton placed at short distances from each other. 

This capabdity of undergoing what may be termed sympatheiiG es^lo- 
sion is by no means confined to gun-cotton. Previously to Brown’s dis¬ 
covery, ^obel had shown it to exist in the case of nitroglycerine, and 
Abel ^terwards proved that most explosives, including even gunpowder, 
can be made to detonate in a similar manner. The ntodm qperandi of 
the detonating fuze has not, however, been satisfactorily explained. It 
would at first appear to act merely by mechanical concussion, but the 
results obtained by Abel throw some doubt upon this. 

The very destructive effect of the gun-cotton exploded in this way 
is, of course, due to the sudden manner in which the whole mass is 
resolved into gaseous products. 

362. Properties of gm-eotton compared mth those of gunpowder .— 
Gun-cotton is more easily exploded than gtmpowder j the latter requires 
a temperature of at least 600° F., whilst gun-cotton may explode at 277“ F., 
and must explode at 400° F. It is very difficult to explode gunpowder 
by percussion, even between a steel hammer and anvil; but gun-cotton 
invariably detonates in this way, though the explosion is confined to the 
part under the hammer. The explosion of gun-cotton is, of course, unat¬ 
tended by any smoke, a most important advantage in mines, the atmo¬ 
sphere of which is sometimes rendered almost intolerable by the smoke of 
gunpowder used in blasting. The absence of residue from the gun-cotton 
prevents the fouling of guns, and renders it unnecessary to sponge them 
after each discharge, for the amount of incombustible mineral matter pre¬ 
sent in the cotton is very small (from 1 to 2 per cent.), and is entirely 
scattered by the explosion. 

It has already been mentioned that the explosion of gun-cotton does 
not impart so much heat to the metal of the gun as that of powder, the 
difference being so great that, after firing 100 rounds with gun-cotton, the 
^ was not so much heated a.s after 30 rounds with gunpowder. This 
important advantage of gun-cotton may be due either to the lower tem¬ 
perature of its flame, or to the^circumstance that the charge of gun-cotton 
w only one-third of the charge of powder, that the explosion of the former 
is so much more rapid, leaving less time for the fin Tnnnminn.t.inTi of heat 
to the metal, and that there are no highly-heated solid prsducts left in 
contact with the gun. Gun-cotton wool may be fired upon the palm of 
the hand with impunity, or upon a heap of gunpowder without kindling 
it; although it cannot be doubted that the temperature of the flame is 
really much higher than the inflaming point of powder. .That the recoil 
of a gun charged with gun-cotton is only two^hirds of that experienced 
with gunpowder, is probably due to the rapidity of the explosion, which 
allows lees time for overcoming the inertia of the gun j the difference in 
' recoil taking the form of strain upon the metal composing the gun. 

It is evident, from the consideration of its manufacture, that gun-cotton 
i(i!«ntirely uniiduied by water, so that a store of this explosive might be 
l^immersed in water in case of need, and would be still serviceable after 
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drying, whereas gunpowder is, of course, rendered useless by contact with 
water, which dissolves out the nitre. Even when exposed to very d^p 
air, gunpowder is liable to iigury from the effect of moisture in partially 
separating the nitre &om the other ingredients, whilst gun-cotton only 
requires exposure to a dry atmosphere for a short time to render it fit 
for use. The proportion of moisture retained by gun-cotton, in the ordi¬ 
nary state of the atmosphere, is 2 per cent. « 

As an objection to the employment of gun-cotton as a substitute for gun¬ 
powder, it has been asserted that thl^ trinitrocellulose is liable to undergo 
spontaneous decomposition, which might at any time render the contents 
of a magazine unserviceable, or might even give rise to the evolution of a 
sufficient amount of heat to cause an explosion. The origin of this objec¬ 
tion is to be traced to the old process for prepai'ing gun-cotton, in which 
the acids were not allowed to act upon the cotton for a sufficient length of 
time, so that the whole of the cotton was not converted into true gun¬ 
cotton, but some less stable substitution products were formed at the 
same time. Another cause of spontaneous alteration is the imperfect 
washing of the gun-cotton, whereby minute traces of acid are left in the 
fibre. All recent experiments, by Abel and others, appear to have proved 
that, considering its highly complex character, pure gun-cotton is a very 
stable compoimd undar ordinary conditions; although, when kept in a 
moist state, it devdopes traces of acid products, the temperature does not 
rise to any important extent, nor is the explosive quality of the material 
at all injured. 

3G3. Gun-cotton is somewhat harsher to the touch than ordinary cotton, 
and becomes remarkably electrical when rubbed between the dry fingers. 
It is insoluble in alcohol and ether, as well as in a mixture of these sol¬ 
vents, though ordinary specimens generally yield a small percentage of 
soluble matter when treated with a mixture of alcohol and ether, because 
they contain extraneous matters, such as the other substitution products 
to be mentioned presently. Acetic ether dissolves it, and so does a mix¬ 
ture of ordinary ether with ammonia. Strong sulphuric acid dissolves it 
mthout carbonisation, unless any unconverted cotton should happen to 
be present. 

364. Collodion cotton .—When cotton or paper is acted upon by a mix¬ 
ture of nitric and sulphuric acids containing more water than is present 
in that employed for the preparation of gun-cotton (p, 496), compounds 
are formed which contain less nitric peroxide, and are much less com¬ 
bustible than the trinitroccllulose, from which they are also distinguished 
by their solubility in mixtures of alcohol and ether. 

In order tp render evident the relations between those compounds and 
gun-cotton, the formula of the latter must be trebled, when we have the 
following series of nitro-compounds produced by the mixtures of nitric 
acid, sulphuric acid, and water, to which they stand opposite— 

ComposltlAi of the mixed eclds. Products of their ection on cellulose. 

(1.) HNO,-hH,O.SO, • C,8H„(N0,),0„ 

(2.) HNOj + HjO.SOg-HiHjO Ci8H,s(N0,),0„ 

(3.) HN0, + H,0.S03+2Hj 0 C„H„tNO,),Oi. 

(4.) HN0, + H,0.S0, + 24H,0 CiaH„(N0,>,0„ 

As might be expected, these compounds diminish in combustibility in 
proportion as the NO, contained in them diminishes. The second is that 
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^ employed for the preparation of photographic collodion, being dissolved 
for that pilose in a mixture of ether and alcohoL 

In order to prepare tbe soluble cotton for collodion, three measured ounces of ordi- 
nitric acid (ep. gr. 1 ‘429) are mixed with two ounces of water in a pint beaker. 
Nine measured ounces of strong sulphuric acid (sp. gr. 1‘839) are added to this mix* 
tore, which is continually stirred whilst the acid is beiim added. A thermometer is 
p^ae^ in the mixture, which is allowed to cool to 140° F.; 100 gmins of dry cotton 
wool, in ten separate tufts, are immersed in the mixture for five minutes, &e beaker 
being covered with a glass plate. The acy. is then poured into another betdcer, the 
cotton squeezed with a gloss rod, and thrown into a large volume of water; it is 
finally washed in a stream of water till it is no longer acid, and dried by exposure to 
air. (By adihng to the ^id which was drained out of the cotton, three drachms 
more sulphuric acid, and immersing another 100 grains of cotton for ten, minutes, a 
second portion of soluble cotton may be obtained.) 

Oollodim balloons .—These balloons may lie made in the following manner:—6 
grains of the collodion cotton, prepared according to the above directions, are dissolve'd 
m a mixture of 1 drachm of alcohol (sp. gr. ‘835) and'2 drachms of ether (sp. gr. ’726), 
in a corked test-tube. The solution is poured into a dry Florence fiask, which is 
then turned about slowly, so that every part of its surface may be covered with the 
collodion, the excess of which is then allowed to drain back into the tube. Air is 
then blown into the flask through a long glass tube attached to the bellows (or to the 
blowpipe-table (fig. 131), as long as any smell of ether is perceptible. A pen-knife 
blade is carefully inserted between the flask and the neck of the balloon, yrhich is 
thus detached from the glass all round; a small piece of glass tubing is introduced 
for on inch or two into the neck of the balloon, so that the latter may cling round 
it. Through this tube air is drawn out by the mouth until one-half of the balloon 
has left the side of the flask and collapsed upon the other half j by carefully twisting 
the tube, the whole of the balloon may be detached and drawn out through the neck 
of the flask, when it must be quickly untwisted, distended by blowing through the 
tube, tied with a piece of silk, and suspended in the air to dry. The average weight 
of such balloons is two grains. 

When collodion-cotton is kept for some time, especially if at all damp, 
it undergo^ decomposition, filling the bottle with red fumes, and becoming 
converted into a gummy mass, which contains oxalic acid. 

366. ^yloidine is the name given to a highly combustihlo substance 
^^„.i^alogous to pyroxyline, which is' obtained by dissolving starch in the 
strongmt nitric acid, and diluting the solution with water, when the 
xyloidine falls as a white precipitate, which may be collected upon a 
filter, and washed till free from acid. The composition of xyloidine is 
representing starch (CgHi^Oj), in which 2 molecules of 
nitric peroxide have been substituted for 2 atoms of hydrogen. 

^ Nitrcnnamite (C,H8(NOj),Og) is another explosive body of the same 
order, obtained by adding powdered mannite (CjH^Og), in small portions, 
to a mixture of equal measures of the strongest nitric and sulphuric acids, 
which immediately dissolve it, and presently solidify to a mass of minute 
needles of nitromannite, wliich may be washed with a large volume of 
water, and crystallised from boiling alcohol. TTnder the hammer, nitro- 
mann ite explodes with a very loud report. When heated, it fuses before 
exploding. ^ 
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WINE AND SPIRITS. 

366, Wine is essentially composed of 8 or 10 parts of alcohol, mtb 
85 or 90 of water, together with minate quantities of certain fragrant 
ethers, of colouring matter, of bitartrate of potash, and of the mineral 
substances derived from the grape-juice. Glycerine and succinic add 
have also been found in wines, and appear to be constant secondary pro¬ 
ducts of the alcoholic fermentation (p. 485). 

Those wines in which the whole of the sugar has been fermented are 
known as dry wines; whilst fruity wines still retain a considerable 
quantity of sugar. ♦ 

The preparation of wine differs from tliat of beer in the circumstance 
that no addition of ferment is necessary, the fermentation being excited 
by a substance present in the grape-juice. This juice contains, in addition 
to grape-sugar, vegetable albumen, tartrate of potash, and the usual 
mineral salts found in vegetable juices. The husks, seeds, and stalks of 
the grape contain a considerable quantity of tannin, together with certain 
blue, red, and yellow colouring matters. 

Whm the expressed juice remains for a short time in contact with the 
air, the albuminous substances contained in it enter upon a state of change, 
exciting the vinous fermentation in the sugar, and a scum of yeast is 
formed upon the surface. If this fermentation takes place in contact with 
the husks of the d.'uk grapes, the alcohol dissolves the colouring matter, 
and a I’ed wine results; whilst for the production of white wines, the 
husks, &c., are separated previously to the fermentation, and the juice is 
exposed as little as possible to the air. 

"White wines are rather liable to become rojjy from viscous fermenta¬ 
tion, but this is prevented by the addition of a small quantity of tannin, 
which precipitates the peculiar fennent. The tannin for this purpose is. 
extracted from the husks and stalks of the grapes themselves. 

lied wines, such as port and claret, are often very astringent from the 
tannin dissolved out of the husks, &c., during the fermentation. Port 
wine, when freshly bottled, still retains in solution a considerable quantity 
of bitartrate of potash (KHC^Hp^), but after it has been kept sonm time, 
and become more strongly alcoholic, this salt is deposited, together with 
a quantity of the colouring matter, in the form of a crust upon the side of 
the bottle. Thus a dark fruity port becomes tawny and dry when kept 
for a suliicieut length of time, the sugar having been converted into alcohol. 

When the wine contains an excess of tartaric acid, it is customary to 
add to it some neutral tartrate of potash (KjC^H^Oj), which precipitates 
the acid in the form of bitartrate. 

The preparation of champagne is conducted with the greatest care. 
The juice or must is carefully separated from the tnarc or husk, and is 
often mixed with one pdr^ent. of brandy before fermentation. After 
about two months the wine is drawn off into another cask, and clarified 
with iBinglnji a dissolved in white wine, an.d added in the proportion of 
about half-an-ounce to 40 gallons. This combines with the tannin to 
form an insoluble precipitHte, which carries ndth it any impurities floating 
in the wine. After another interval of two months, the wine is again 
drawn off, and a second clanficatiou takes place; and in two months more 
the wine is drawn off into bottles containing a small quantity of pure 
sugwc-candy dissolved in white wine. The bottles, having been securely 
corked and wired, are laid down upon tlieir sides for eight or ten months. 
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during which time the fermentation of the newly added sugar takes 
place, and the carhonie acid produced dissolves in the wine, whilst a 
([uantity of yeast is separated. In order to render the ^^e perfectly 
clear, the bottle is left for about three weeks in such a position that the 
deposit may subside into the neck, against the cork, which is then un¬ 
wired so tlmt the pressure of the accumulated carbonic acid may force it 
oat together with the deposit; the bottle having been rapidly filled up 
with white wine, is again corked, wired, covered with tin foil, and sent 
into the market. Pink champagne is prepared from the must which is 
squeezed out of the marc after it has ceased to run freely, and contains a 
little of the colouring matter of the husk. The colour is also sometimes 
imparted by adding a little tincture of litmus. 

The proportion of alcohol in wines varies greatly, as will be seen from 
the following statement of the weight of alcohol in 100 parts of the wine :— 

Port, .... from 15 to 17. 

Sheny, . . . „ 14 to 16. 

Champagne, . . 11*5. 

Claret, ... „ 8 to 9. 

Eudesheimer, . „ 7 to 8’5. 

Shcny contains from 1 to 5 per cent, of sugar, port from 3 to 7 per 
cent., and Tokay 17 per cent.; in the last case, the sugar is increased 
by adding some of the must concentrated by evaporation to the wine 
previously to bottling. 

The banquet or fragrance of wine is due to the presence of certain 
fragrant ethers, especially of cnuanthic, pelargonic, and acetic ether, 
formed during the fermentation or during the subsequent storing of the 
wine. It is to the increased quantity of such fragrant ether that the 
superior bouquet of many old wines is due. 

367. Distilled spirits. —The varieties of ardent spirits are obtained 
from fermented liquids by distillation, so that they consist essentially of 
alcohol more or less diluted with'water, and flavoured either with some 
of the volatile products of the fermentation, or with some essential oil 
added fox the purpose. 

Brandy is distilled from wine, and coloured to the required extent 
with burnt sugar (caramel). Its flavour is due chiefly to the presence 
of oenanthic ether derived from the wine. The colour of genuine pale 
brandy is due to its having remained so long in the cask as to have dis¬ 
solved a portion of brown colouring matter from the wood, and is there¬ 
fore an indication of-its age. Hence arose the custom of adding caramel, 
and sometimes infusion of tea, to impart the astringency duo to the 
tannin dissolved from the wood by old brandy. 

Whisky is distilled from fermented malt, which has been dried over a 
peat fire, to which the characteristic smoky %Vour is due. 

Qin is also prepaied from fermented malt or other grain, and is flavoured 
with the essential oil of juniper, derived from juniper berries, added 
during the distillation. 

Bum is distilled from fermented molasses; and appears to owe its 
flavour to the presence of butyric ether, or pf some similar compound. 

Arrack is the spirit obtain^ from fermented rice. 

Kirschwaeser apd maraschino are distilled from cherries and their 
<4ones, which have been crushed and fermented. 

Some varieties of British brandy and whisky are distilled from fer- 
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mented potatoes, or from a mixture of potatoes and grain, when there 
distils over, together with ordinary alcohol, another spirit belonging to 
the same claaa, but distinguished from alcoW by its nauseous and irritat¬ 
ing odour. This substance, which is known as potato^spirit^ amylic 
cdcohol^ ovfuusel oil (C^H^O) also occurs, though in very minute quantity, 
in genuine wine-brandy. The manufacturers of spirit from grain and 
potatoes remove a considerable part of this disagreeable and unwholesome 
substance by leaving the spirit for some time in contact with wood- 
charcoal. 


THE ALCOHOLS AND THEIli DEBIVATIVES. 

368. It has already been stated that alcohol is the type of a very im¬ 
portant class of compounds closely related to each other in composition 
and properties. 

The alcohols are all composed of carbon, hydrogen, and oxygen; the 
members of the series represented by common alcohol always contain one 
atom of oxygen. The number of atoms of hydrogen is always an even 
number, exceeding by two the doubled number of atoms of carbon, so 
that the general formula of an alcohol of this series may be written 
thus, Thus, in ordinary or vinic alcohol, C,HP, w = 2, in 

wood-spirit or methijLic alcohol, CH^O, 7i=l, in potato-spirit or amylic 
alcohol, C .IljgO, n - .'). 

These alcohols constitute, therefore, a truly homologous series (p. 454) 
of which many members, however, remain to be discovered. 

The following table includes the alcohols of this series which are at 
present knoAvn:— 


Chemical Name. 

Source. 

Foitnula 

Conunon Name. 

1. Metliylic alcoliul 

Destructive distilktiou of wood 

C H 4 O 

Wood iiaphtlia 

2. Ethylic ,, 

Vinous fermentation of sugar 

Cj HgO 

Spirit of wine 

3. Propylic ,, 

Fermentation of graj)e-husk 8 

Hg 0 


4. Butylic ,, 

Fermentation of beet-root . 

C 4 HjoO 


5. Amylic „ 

Fermentation of potatoes 

C 5 ILgO 

Fousel oil 

6. Caproic ,, 

Fermentation of grnpe-busks 

Cg 11,40 

i 

t 

7. G^uantluc ,, | 

Distillation of castor-oil with ) 
potash.I 

C, H ,„0 

1 

1 

8. Caprylic „ 

Fermentation of grajic-hnsks 

L’g HjgO 


10. liutic n 

Oil of me. 

C,oHggO 


12. Laurie ,, 

Whale oil. 

CjgHggO 


16. Cetylic* ,, 

Spermaceti. 

f'18H.j40 

EthoJ 

27. Cerylic „ 

Chinese wax. 

CgrllseO 

Cerotenc 

30. Meliasic „ 

Bees’ ^ax. 

CggHggO 

Melissine 


The usual gradation in properties attending the gradation in composi¬ 
tion among the memberef of a homologous series, is strikingly exempMed 
in the class of alcohols. The first eight members of tte group, linked 
together as they are by an almost common origin (being derived, wiHi 
one exception, from the fermentation of substances nearly allied, and that 
exception being a product of destructive distillation which may be re¬ 
garded as an accelerated fermentatien), and by a regularly ascending com- 
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|> 08 ition, ‘would be expected to resemble each other in their properties 
far more closely than the other members of the class. Accordingly, we 
find that methylic, ethylic, propylic, butylio, amylic, caproic, oenanthic,* 
and caprylic alcohols, are all liquid at the ordinary temperature, that they 
all possess peculiar and pow^ul odours, and may be readily distilled 
unchanged. Among these, however, the gradation is not to be overlooked. 
The two first, methylic and ethylic alcohols, may be mixed with water in 
all proportions, but the third, propylic alcohol, though freely soluble in 
water, is not so to an unlimited extent ; whilst butylic alcohol is less 
soluble, and amylic alcohol may be said to be sparingly soluble in water. 
Caproic alcohol, the next member, is insoluble in water ; whilst caprylic 
is not only insoluble, but possesses an oily character, leaving a greasy 
stain upon paper. 

In their boiling points, and the specific gra'vities of their vapours, a 
similar gradation is observed. 


Alcohol. 

Boiling Point. 

Vapour Density. 

Methylic. 

149»-9 F. 

1-12 

Ethylic,. 

173" 

1-61 

Propylic, .... 

20.5" 

2-02 

Butylic,. 

233" 

2-59 

Amylic, ..... 

269°-8 

315 

Caproic. 

299°-309° 

3-53 

GDnanthic, .... 

827"-343“ 

— 

CJaprylic, .... 

3.56° 

4-50 


One molecule of each of these alcohols yields two volumes of vapour; 
or, in other words, if* a given weight of the alcohol corresponding to its 
molecular weight be converted into vapour, that vapour will occupy twice 
as much space as would be occupied by one part of hydrogen at the same 
temperature and pressure. 

The higher members of the group of alcohols are solid fusible bodies 
more nearly approaching to waxy or fatty matters in their nature, and 
not susceptible of distillation without decomposition. Far less is known 
of these than of the alcohols containing less carbon. 

The true chemical definition of an alcohol of this series rests upon the 
circumstance, that under the influence of oxidising agents, it first parts 
with two atoms of hydrogen, and is converted into an aldehyde (alcohol 
dehydrogenated), and afterwards absorbs an atom of oxygen, yielding an 
acid, llius, it has been already shown (p. 487), that vjnic alcohol 
(WO), when exposed to air under favourable conditions, yields alde¬ 
hyde, UjELO, wMch, by absorbing oxygen, is converted into acetic 
acid, 

The formation of an aldehyde would, therefore, be represented by the 
general formula— 

+ 0 - C,II*.0 H,0, 

AlconoL Aldehyde. 

■and that of the corresponding acid by 

+ Oj, = C,Ha,Ojj + H,0. 

(. Alcohol Add. 

* TMe^coliol'is of recent discovei^, and has been little examined. 
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In addition to this, a double moleicule of each of these alcohols, by 
the loss of the elements of a molecule of water, yields an e^Aer, cones> 
ponding to ordinary ether (C^HJ^O, which differs from the double mole¬ 
cule of vinic alcohol, C^HgO, % the elements of a molecule of water. 

The general formula representing the derivation of an ether from an 
alcohol of the above series is— 

2 C - H,0 = (C,Hh+,),0 . 

Alcohol Ether. 

Hence every alcohol has its corresponding aldehyde, acid, and ether, so 
that there are homologous series of aldehydes, acids and ethers, just as 
of the alcohols from which they are derived. 

The only members of the aldehyde and ether series which have received 
a large share of attention on account of their practical importance, are 
those derived from ordinary alcohol j but the series of acids contains many 
members of importance, to some of which no corresponding alcohols 
are yet known. 

The very important homologous series of acids* composed after the 
general formula C.HjnOjj, includes— 


Add. 

Source. 

Formula. 

]. Formic acid, 


Bed ants, nettles 


CH^Oa 

2. Acetic ,, 


Vinegar . 

• » 

C,H^O* 

3. Propylic „ 


Oxidation of oils 


CgHA 

4. Butyric „ 


Bancid butter . 

t • 

C,H«0* 

5. Valerianic acid 


Valerian root . 

• • 

CjHjflOj 

6 . Caproic ,, 


Bancid butter . 

• • 

CgHjjO, 

7. CEnantbic „ 


Oxidation of castor oil 


8 . Caprylic „ 


Bancid butter . 


CgHigOj 

9. Pclargonic acid 


Geranium leaves 

. 

GgHjgOj 

10 , Ilutic or capric acid 

Bancid butter . 



11. Euodict 

>9 

Oil of rue . 



12. Lanric 

99 

Bay berri^ 


C]jH240j 

13. Cocinic 

99 

Cocoa nut oil . 



14. Myristic 

99 

Nutmeg butter . 


^141^28^9 

15. Benic 

ft 

Oil of ben 



16. Palmitic 

99 

Palm oil . 


CigHgjOg 

17 . Margftric 

99 

Olive oil ? 


^17^1340* 

18. Stearic 

99 

Tallovr 


^18^36^9 

19. Balenic 

99 



^181^38^9 

20. BiAic 

99 

Butter 

» • 

C 20 H 40 OJ 

21. Nordic 

99 




27. Cerotic 

99 

Bees’ wax 


^87^64®* 

30. Melissic 

99 * 

Bees’ wax 


C'soHjoOj 


A very gradual transition of properties is observable in the members of 
this extended series of acids, 

* Often spoken of as tko wMk series of acidf>, or the/a«y add seiies. 
t Efiw^qc, fragrant. 
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The first nine members of the series are liquid, the remmnder solid at 
common temperatures. Of the liquids, formic acid boils at 221*’ F., and 
the boiling points of the other members exhibit a gradual rise up to pd^ 
gonic acid, which boils at 600® F. The melting-points of the solid acids 
eiso ascend from 86® F. for rutic acid (C„Hg„Oj,) to 192“ F. for melissic 

^Formic and acetic acids may be mixed with water in all proportions, 
like their corresponding alcohols, the methylic and ethylic; propylic 
acid, though soluble to a great extent in water, resembles the correspond¬ 
ing alcohol in not mixing indefinitely with water.' Butyric acid behaves 
in a similar manner. Valerianic, caproic, oenanthic, and caprylic acids ore 
sparingly soluble in water. Polargonic and capric acids are very sparingly 
soluble, and the remaining members of the series are very decidedly fatty 
acids, insoluble in water, and forming soaps with the allies. 

The members of the series of alcohols, under the action of powerful 
dehydrating f^ents, are capable of parting with the elements of a mole¬ 
cule of water, frrnishing the members of a homologous series of hydrocar¬ 
bons related to their corresponding alcohols, as olefiant gas or ethylene 
(CgHJ is related to ethylic alcohol. 

The general formula for the production of the homologues of ethylene 
(or olefines) from the alcohols may be thus expressed— 

- H,() = C«H^. 

The known members of this series of hydrocarbons are 


Name. 

Fomula. 

Corresponding 

Acid. 

Correspondiug 

Alcohol. 

1. Methylene . 

CHa 

Formic 

Wood-naphtha 

2. Ethylene 

C*H4 

Acetic 

Alcohol 

8. Propylene . 

CsHfl 

Propylic 

Propylic 

4. Butylene . . 


Butyric 

Butylic 

6 . Amylene 

CsH.o 

Valcriamc 

Fousel oil 

6 . Caproylene . 

Cell,, 

Caproic 

Caproic 

7. CEnanthene . 

C,H,4 

(Enanthic 

(Enanthic 

8. Caprylene . 

CsH« 

t!aprylio 

Caprylic 

0. Elaene . . 

Ofiixs 

Pelargonic 


10. Paramylene . 

CjoHjo 

Rutic 

Rutic 

16. Cetylene 


Palmitic 

Ethal 

27. Cerotene 

C,7Hj4 

Cerotic 

Cerotene 

C 

30. Melissene 

CjoHjo 

Melissic 

Melissine 


Of these hydrocarbons, methylene, ethylene, and propylepe are gaseous; 
butylene is also a gas, but easily condensed to a liquid state; the re¬ 
mainder are liquid at the ordinary temperature, except cerotene and me- 
lissene which are solid. 

This series exhibits one of the best examples of polymerism or multiple 
ration of composition, each member of the series being represented by a 
fohnula which is a multiple by some whole number of that of the i^t 
member of the s^es. 
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Since one molecule of each of these hydrocaibons in the state of vapour 
occupies two volumes, it must follow, if their composition be correctly 
stat^, that their vapour densities exhibit a multiple relation similar to 
that which exists between their formulae. 

That this is the case will be seen by the subjoined table, which illus¬ 
trates very cleaucly the importance of determining the specific gravity of 
the vapour of a volatile substance as a confirmation of the results *of 
analysis:— 


Hydrocarbon. 

Specifle (H'avlty of vapunr 

Methylene, 

CHa . 

0*490 

Ethylene, 


0*978 

Propylene,* 

Cslle • 

1*498 

Butylene, 


1*852 

Amylene, 


2*386 

Caproylene, 

. 

2*875 

Caprylene, 

CgHig . 

3*90 

Elaene, 


4*48 

Pai’amylene 


5 061 

Cetylene, 

OteHa, . 

8*007 


It will be observed that just as the formula of cctjlene (CigHj,;,) is a 
multiple of that of methylene (CHj) by 16, so, allowing for errors of 
experiment, the vapour density of cetylene (8’007) is 16 times that of 
methylene (0’490). 

369. Alcohol may be studied as the typo of the class to which it gives 
a name. 

When any of the fermented or distilled liquors of commerce are sub¬ 
jected to distillation, the alcohol passes over during the first part of the 
process, mixed with'a considerable quantity of water; and if the distilla¬ 
tion be continued as long as any alcohol passes over, and the Avhole of the 
distilled liquid be measured or weighed, the quantity of alcohol present 
in the original liquid subjected to distillation, may bo inferred (by refer¬ 
ence to a table) from the specific gravity of the aqueous spirit distilled 
from it, since the lighter it is the more alcohol it contains, the specific 
gravity of pure alcohol being Q‘794. • 

The strength of the spirit of wine of commerce is ascertained by deter¬ 
mining its specific gravity. That known as pi’oof spirit has the specific 
gravity 0*920, and is so called because it is the weakest spirit wliich will 
answer to the rough proof of firing gunpowder which has been moistened 
with it and kindled. Any spirit weaker than this leaves the powder 
moist, and does not explode it. It is then said to be under proof, whilst 
a stronger spirit is spoken of as over proof. 

Proof spirit contains by weight, in 100 parts— 

AVater, . . 60*76 

Alcohol, . 49*24 

• 

A spirit would be spoken of as 30 per cent., for example, over proof, 
if 100 measures of it, when diluted with water, would yield 130 measures 
of proof spirit. A spirit 30 per cent helow proof contains, in every 100 
measures, 70 measures of proof spirit By repeatedly rectifying or re- 

* These hydrocarbons are sometimes designated by names which refer to the multiple of 
CH, which they contain. Thus propylene, is sometimes called trUylene ; buty¬ 

lene, tetryUM ; caproylene, hexylene, &c. 
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the weak spirit obtained from a fermented liquid, collecting the 
first portions separately, a strong spirit may be obtained, containing 90 
I»r cent, of alcohol, but mere distillation will not effect a further sepawi- 
tion of the water. Weak spirit may be concentrated to a greater extent 
than this, by leaying it enclosed in a bladder for a considerable period, 
when the water exudes through the bladder more readily than the alcohol, 
sorthat the latter accumulates in the mixture to the amoxint of 95 per 
cent. 

Another method of separating a great part of the water consists in add¬ 
ing dry carbonate of potash to the weak spirit as long as it is dissolved, 
when the mixture separates into two layers, the lower consisting of solu¬ 
tion of carbonate of potash in water, and the upper one of spirit, contain¬ 
ing 89 per cent, of alcohol. By effecting the separation by means of car¬ 
bonate of potash in a graduated tube, this method is sometimes employed 
for roughly ascertaining the proportion of alcohol in a fermented or 
distilled liquid, the foreign matters in which prevent any safe inference 
from the specific gravity. 

The last portions of water are rmnoved from alcohol by allowing it to 
stand for two or three days over powdered quick-lime, and distilling, when 
the lime retains the water in the form of hydrate of lime, and the pure or 
absolute alcohol distils over. It must then be preserved in well stopped 
bottles, since it readily absorbs moisture from the atmosphere. Its attrac¬ 
tion for water causes it to evolve heat when mixed with that liquid, and 
the volume of the mixture is less than the sura of the volumes of its 
components, showing that combination has taken place. 

370. Ether, or, as it is sometimes erroneously called, sulphime ether 
(C^HjyO), is obtained by distilling a mixture of two measures of alcohol 
with one measure of concentrated sulphuric acid. AS soon as the mixture 
begins to blacken, in consequence of a secondary decomposition of the 
alcohol, the retort is allowed to cool, another half measure of alcohol is 
added, and the mixture again distilled as long as ether is obtained. 



Fig. 292.—Continuous etherifioation. 


A far better method of obtaining ether is that known as the continwus 
pror^. Alcohol of sp. gr. 0*830 is mixed with an equal measure of con¬ 
centrated sulphui^B acid, and introduced into a retort or flask (fig. 292), 
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which is connected with a small cistern containing alcohoL The nuxture 
in the flask is rapidly raised to the boiling point, and alcohol is allowed to 
pass slowly in from the reservoir through a syphon furnished with a stop¬ 
cock, so as to keep the liquid in the flask at a constant levd. A thermo¬ 
meter should be immersed in the liquid, the temperature of which should 
be maintained at 284“ to 290“ F. By this process, one measure of sul¬ 
phuric acid win effect the conversion into ether of thirty measures ef 
alcohol. 

The boiling point of ether being very low (94“’8 F.) necessitates the 
employment of a good condensing arrangement in this process. 

The liquid which distils over contains about two-thirds of its weight 
of ether, with about one-sixth of water, and an equal quantity of alcohol. 
Traces of sulphurous acid are also generally present. To obtain the pure 
ether, it is shaken with water containing a little carbonate of potash, when 
the water dissolves the alcohol, and tlie potash removes the sulphurous 
acid; the ether being very sparingly soluble in, and much lighter than 
water (sp. gr. 0*74), rises to the surface, holding a little water in solution. 
This upper layer is drawn ofl* and freed from water by distillation in a 
water bath, at a very low heat, over quick-lime. 

The explanation of the chemistry of this process of etherification will 
be more intelligible after some other changes to which alcohol is liable 
have been studied. 

The most striking properties of ether are its peculiar odour and its 
great volatility j its rapid evaporation when poured upon the hand gives 
rise to a sensation of intense cold; and if a little ether be evaporated by 
blowing upon it in a watch-glass with a drop of water hanging from its 
convexity, the water will be speedily frozen. Ether is also exceedingly 
inflammable; and since its vapour is very heavy (sp. gr. 2*69), and passes 
in an unbroken stream through the air for a considerable distance, great 
care should be taken to avoid pouring it from a bottle in the neighbour¬ 
hood of a flame. Its flame is far more luminous than that of alcohol, and 
much acetylene is produced during its imperfect combustion (p. 91). 

The high specific gravity, volatility, and inflammability of ether vapour admit of 
illustration by some curious experiments :— 

If a small piece of s^tongc be saturated with ether and placed in the centre of a 
large wooden tray, two or three inches deep, the latter will soon be entirely filled 
wim the vapour, as may be sliown by applying a lighted match to one corner. A 
jug may be wanned by rinsing a little hot water round it, and this having been 
thrown out, a few drachms of ether may be poured into the jug, which will imme¬ 
diately become filled with ether vapour, and from this sevend glasses may be fiilled 
in succession, the presence of the ether vapour being proved by a lighted taper. 

A pneumatic.trough may be filled with warm water, a smml test-tube filled with 
ether inverted pth its mouth under the water, and the ether quickly decanted up 
into a gas jar also filled with hot water, where it will be immediately converted into 
vapour, and may be decanted through the water into other vessels, and dealt with 
like a permanent gas. Some cold water poured over the jar containing it at once 
proves its condensible character. 

When etherls acted upon by hydrochloric, hydrobromic, or hydriodic 
acid, the oxygen of the etlier enters into combination with the hydrogen 
of the acid, and the chlorine, bromine, or iodine occupies its place. 

Thus, with hydrochloric acid— 

(C^b),0 + 2HC1 = 2€,H„C1 (I/pdrochtorie ethtr) + H,0. 

In a wim ilaT manner, hydrohromit ethers CjHjBr, and hydriodic ether, 
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may be fonned. The best method of obtaining the two last, ho^ 
evet, consists in dift tming moderately strong alcohol with phosphors, and 




hydriodic ether are formed— 

12C.H.0 + P, + I„ = 10C,EJ + 2H,0.(C,H.),0.I’A + ^^0.* 

AlooboL PliosplioWnic add. 

*The8e three ethers are colourless, fragrant, volatile liquids, which are 
of the greatest value in the investigation of the constitution of complex 
organic compounds. 

This remark appliM particularly to hydriodic ether {iodide of ethyle), 
which is less volatile than the others, and therefore more easily manage¬ 
able in experiments requiring a high temperature. 

Iodide of ediyle, or ethylic iodide^ is prepared by distilling 1400 grains of ordinary 
alcohol (sp. gr. 0‘84) with 2000 grains of iodine, and 100 grains of ordinary vitreous 
phosphorus. The iodiue and phosphorus are ^ded alternately, in small portions, 
to the alcohol in the retort, which is immersed in cold water to moderate the action, 
and occasionally shaken. ‘ When the whole has been added, the retort is connected 
with a Liebig’s condenser, and heated in the water-bath, when about 2^ measured 
ounces of iodide of ethyle mixed with alcohol will pass over. This is shaken in a 
stoppered bottle with about an equal measure of water, which dissolves the alcohol, 
leaving the iodide of ethyle to collect at the bottom as an oily layer (sp, gr. 1*97). 
After as much as possible of tho upper aqueous layer has been removed with a 
siphon or pipette, the iodide is x>ourea into a small retort containing fused chloride 
of calcium in powder to remove the water. The retort is closed with a cork, and set 
aside for some hours, when the iodide of ethyle may bo distilled oiT in the water- 
hath, and condensed in a Liebig’s condenser. 

371. Alcohol-radicals. —If etbylic iodide be poured over granulated 
zinc contained in a stout glass tube, which is then exhausted of air, 
hermetically sealed, and heated for two hours in an oil-hath to 300° F,, 
a crystalline substance is deposited, which is a compound of iodide of 
zinc with zinc-ethyle (CjjHg)jZn, whilst a colourless liquid separates, con¬ 
sisting of a mixture of three hydrocarbons, which have been liquefied by 
their own pressure. On breaking tho extremity of the tube under water, 
this liquid rapidly escapes in the form of gas, which proves on examina¬ 
tion to contain olefiant gas (CjII^), hydride of ethyle (CjHj), and ethyle 
(C 3 H 5 )a> 0^ which may ho obtained nearly pure by collecting the 

last portions of gas separately, since ethyle is the least volatile of these 
hydrocarbons. 

Neglecting the secondary decompositions which give rise to the other 
products, the formation of ethyle would be represented by the simple 
equation— 

2CAI + Zn - Znl, (C,Hg), 

Kthylic iodide. Kthyl& 

Ethyle is a colourless gas, having a faint ethereal smell,*insoluble in 
water, and requiring a pressure of two or three atmospheres for its lique¬ 
faction. The interest which attaches to it is due to its being regarded 
by many chemists as the radical or starting-point of the series of com¬ 
pounds derived from vinic alcohol, which is thmice spcfken of as the 
ethyle series, and this view of the constitution of those compounds was 
in favour long before the compound (CjHg), was obtained in the separate 
state, this being a discovery of recent date. 

* It will be seen that this change is precisely similar to that whirii occurs in the 
preparation of hydriodic add by the simnltaneons action of phosphome and iodine upon 

12H,0 + P. + I,. * 10 HI + 2H,O.H.O.PA *♦* *H,0. 
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Mention has already been made of the existence of another radical, 
mothyle (CHj,),, obtained by a similar process, which may be regarded as 
the starting-point of the wood-spirit series. 

Butyle (C^Hg)j, amyle (CgHu)*, and eaproyh (CgH„)g the supposed radi¬ 
cals of the butylic, amylic, and caproic dcohols, have also been obtained, 
these being liquids with progressive boiling points. We are thus in 
possession of several members of a homologous series of hydrocarbon#, 
which may he designated the alcohol-radicals, and represented by the 
general formula (C„Ha„+j) 2 . 

If a mixture of iodide of ethylo and iodide of amyle (CgHj,!, prepared 
from fousel oil just as iodide of ethyle is from alcohol) be heated with 
sodium, a colourless liquid is obtained, which is a true combination of 
othyle and amyle (CgllyOgll,,)— 


CgHJ + OgH„I 4 Na, 


2 Nal -K C,Hg.CgH,i. 


Iodide of Iodide of 
ethyle. amyle, . 


Ethylc-amyle. 


Tn a similar, manner, ethylc-lmtylo (C.^Hj.C^Hg), methyle-caproyle 
(CIl 3 .CgH„),butyle amyle (CgHg.C 5 l[„), and butylo-caproyle (CJIg.CgH„), 
have been obtained. 

These double radicals all yield two volumes of vapour for each mole¬ 
cule of the compound, showing that the empirical formula for methyle 
(CII3), which furnishes only one volume, must be converted into that of 
a double radical, methyle-methyle (CII3.CH3), which would give two 
volumes of vapour, and in a similar manner, ethyle would become 
(C,Hg,CgH,), butyle (U,IIg,C,Hg), and so on. 

'I'his duplicate nature of the radicals at once explains the circumstance 
that they do not unite directly with chlorine, bromine, &c., as might have 
been expected. Thus ethyle, with iodine, does not combine to form 
iodide of ethyle, because the ethyle itself is an ethylido of ethyle. 

Again, the formation of zinc ethyle and of hydride of ethyle 

(CjHjH), during the action of zinc upon iodide of ethyle, becomes 
intelligible upon this view. Indeed, the first stage of this action appears 
to consist in the formation of zinc-cthyle— 

2CJIgI 4 - Za., =. (CJTg)„Zn 4 - Znl^. 

Iodide of ethyle. Zinc-ethyle. 


In the second stage, the zinc-ethyle acts upon a fresh portion of iodide 
of ethyle, producing iodide of zinc and the double radical ethyle— 


2CgHgI 


-h (CA),Zn = Znig + 2(C,Hg.Cjg. 


Iodide of 
othyle. 


Zinc-cthyle. 


Ethyle 


The hydride of ethyle itself clearly corresponds to the double radical 
ethyle, one-half of which is replaced by an atom of hydrogen (CgHB.H). 

The simultaneous formation of hydride of ethylo and of olefiant gas 
’ during the action of zinc upon iodide of ethylo, might he represented by 
the equation— , 

2 C 2 H 5 I 4 - Zq, = Znlg 4- 03113.11 4 - CjHg. 

Iodide of ethyle. Hydride of ethylo. 

Hydride of ethyle is the representative of a series of homologous hydro¬ 
carbons, of which the first member, the hydride of methyle (CHg-H), is 
identical with marsh-gas. 

The following table exhibits some of the chief members of the marsh- 

2 K 
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gas series of hydrocarlions (general formula C.Hj. 4 .,), as well as the 
corresponding alcohol-radicals,* having the genei^ formnla 2 CC,Hfc+,)— 


Radical. 

Methyle, . . CIL.CH 3 

Ethyle, . . CjHa.C,Hj 

Butyle, . . C 4 H 8 .C 4 H 9 

Amyle, . . CjHu.CjMjij 


H3rdride.t 

CH3.H*=CH4 

0,li5.H=C2Ha 
C4H».H = C4H,o 


The three first of these hydrides are gaseous, the last a volatile liquid. 

If ethyle = E* be accepted as the radical of the alcohol series, 

then ether (CaHj^O would become the oxide of ethyle, and alcohol 
(CjHjHO), the hydrate of ethyle; and it will be seen that upon this 
view a considerable number of the relations of these bodies can be readily 
(sxplained. 

372. On referring to the action of hydrochloric acid upon ether, it will 
be seen to resemble exactly that of the same acid upon the basic oxide of 
a metal, consisting in an exchange between the chlorine of the acid and 
the oxygen of the base. Chloride of ethyle may also be produced by the 
action of hydrochloric acid upon alcohol (EHO), jusf as chloride of 
potassium is produced by the action of that acid upon caustic potash— 


EHO UleohoT) + HCl = ECl (.Chloride of ethyle) + HjO . 


It would be expected that the action of other acids upon alcohol would 
correspond to their action upon caustic potash, and with several acids this 
is really the case, although it is far more difficult to break up the alcohol 
than the caustic potash. 

If alcohol bo boiled for many hours with dry oxalic acid (njjC 204 ) in 
a flask provided with a long tube, so that the volatilised alcohol may run 
back, it is found that, on diluting the solution with water, a heavy fra¬ 
grant liquid separates, which has the composition (C 3 Hg)jCjj 04 , and is 
termed oxalic ether. 

Its formation may be thus represejpted— 

2EHO + H,C304 = E 3 CA/-h H,0. 

Alcohol. Oxalic acid. Oxalic ether. 


It is formed far more easily in the presence of strong sulphuric acid, since 
this developes ether (E^O) which is decomposed by the oxalic acid. 

By treatment with caustic potash, the oxalic ether is decomposed, 
yielding oxalate of potash and dcoholthus— 

E,C304 + 2KHO - K3C,04 ■»- 2EHO. 

But if oxalic ether be mixed with only half the quantity of caustic 
potash required for this decomposition, there is obtained, instep of oxalate 
of potash, a salt, crystallising in pearly scales, having the composition 
KECs 04 , the formation of which is easily understood— 

KCA -1- KHO = KEC,04 -f- EHO. 

Oxuic ether. Oxclovinate of potash. 

By decomposing this salt with hydrofluosilicic acid (see p.*185) to remove 
the potassium in an insoluble form, a new acid is obtained, which has the 
composition HECj 04 , and is called omlomnic or oxalethylie add. It 

* See also American oetrolenm, p. 468. 

t Each of these hydndes is isomeric with the ndical immediately preceding it. Thus 
hydride of ethyle has the same composition as methyle, and is reamed by some chemists 
as identical with it. 
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might evidently be also called the binoxalate of ethyle, since it corre¬ 
sponds in composition to the binozalate of potash, KHOiO^. 

Most of the adds form ethers correspondmg to oxalic ether; thus, by 
distilling acetic acid with alcohol and sulphuric acid, and diluting the 
distilled liquid with water, acetic ether (ECjHjO^ is separated, remark¬ 
able for its very fragrant odour, which has a shmre in the perfume of 
dder, perry, vinegar, and of many wines. • 

The ether used in medicine under the names of meet ^irite of nitre, 
nitrons ether, and nitric ether, is essentially a solution of nitrous ether 
(CjHj)NOj in alcohol, and is formed when alcohol is distilled with nitric 
acid, when a violent and complicated reaction takes place, one portion of 
the alcohol being converted into aldehyde, at the expense of a part of the 
oxygen of the nitric acid— 

2(CAO) + HNO3 = C^H.O + CAITQ, 2H3O. 

Alcohol. Aldehyde. Nitrous ether. 

Nitrous ether is a very volatile liquid, dharacterised by a powerful 
odour of rennet-apples, and in the pure state decomposes spontaneously, 
evolving nitric oxide. 

True nitric ether (ENO 3 ) may also be obtained as a fragrant, heavy oily liquid, 
by distilling alcohol with nitric acid, under certain precautions. It is decomposed 
with explosion at a temperature of about 200 “ F. 

By the action of nascent hydrogen upon nitric ether, a basic substance is produced, 
which has been named hydromjlamine, in allusion to its remarkable formula, NH 3 O, 
which might be regarded as ammonia, NHs, in which one atom of hydrogen is re¬ 
placed by hydroxyle, HO— 

CjIIoNO* -h Hfl = CjHjHO + HjO -I- NH 3 O. 

Nitric etlier. Alcohol. llydroxylBinine. 

In order to obtain this base, 5 parts of nitric ether are acted on by 12 parts of tin 
and 50 parts of concentrated hydrochloric acid. "When the action is over, the alcohol 
is expelled by heat, the tin precipitated by hydrosulphuric acid, the solution evapo¬ 
rated to dryness, and the residue boiled with absolute alcohol, which leaves some 
hydrochlorate of ammonia undissolvei Tlie hydrochJorate of hydroxylamine 
(NH 3 O.HCI) crystallises in l^jng needles from the alcoholic solution. From the 
sulphate of hydroxylamine, “by decomprisition with baryta, a solution of the base 
itself may bo obtained; but pure hydroxylamine has not been isolated from the solu¬ 
tion, since it has a tendency to decompose into ammonia, rvater, and nitrogen— 

8 NH 3 O = NHs + N, -h SHgO. 

Hydroxy lamine. 

Hydroxylurea CH 3 (HO)NgO, or nrea in which hydrogen is replaced by hydroxjde, 
has dso been obtained. 

The cMoric ether used for medicinal purposes is not an ether in the true sense of 
the term, but a solution of chloroform (CHCls) in alcohol. Chloroform will be more 
particularly described hereafter. 

Perdiloric ether, (CaH 5 )C 104 , is only interesting from the circnmstance that, t 
although an oily liquid, it explodes violently under a sudden blow. * 

Boracie etAcr,* which has the formula EgBOg, is formed when terchloride of boron 
is decomposed % alcohol— 

BCI 3 + 3(EHO) = EgBOg + 8HC1, 

and may also be obtained by heating anhydrous boracic acid with an excess of 
alcohol under pressure. It is lighter than water (sp. gr. 0‘88), and boils at 246® F. 
When heated with anhydrous*boraoic acid, it is converted into EgO.BgOg, jrliicli « 
decomposed by heat into EgBOg and Eg0.3B.0g, the latter being a vitreous solid. 

When chloride of silicon is decomposed by alcohol, the compound 2£sO.SiO, is 
produced— 

SiClg ■+ 4(EHO) = SEgO.SiOj {SUieie ether) + 4HC1. 

This sUicie ether is a colourless liquid, of sp. gr. 0*98, and distilling unchanged at 
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830“ F. It has an ethereal odour, and bums with a brilliant flame which deposits 
silica. 'When poured upon the surface of water, it gradually decomposes, with 
separation of gelatinous hydrated silica— 

flEsO.SiOj + 2HsO * 4(EHO) {Akom + SiOj. 

When the ether is kept in a moist atmosphere, it deposits a hard transparent mass 
of silica, known as ariifioial quartz. 

Two other silicic ethers have been obtained, having respectively the composition 
EjO.SiOj and Es0.2Si0. ; the former liquid, the latter viscous. 

Carlmic nttier (EgO.COg) may be obtained by beating carbonate of silver with 
iodide of ethyle in a sealed tube; 

AggO.COg + 2EI = EgO.COg + 2AgI. 

The compound 2 E 2 O.CO 2 has been obtained by the action of sodium upon an alco¬ 
holic solution of chloropicrine— 


CClgfNOg) + 4(EHO) + Na* = SNaCl + NaNOg + 2EaO.COg + 

Chloropicrine. Alcohol 

When carbonic acid is passed through a solution of hydrate of potash in absolute 
alcohol, the carbovinate of potash is obtained, in crystals having the composition 
KECOg, corresponding to bicarbonate of pota.sh, KHCOg. 

By the action of syrupy phosphoric acid upon alcohol, the compound 2 H 2 O.EgO.PjO 5 , 
phosphovinic acid, is foraied, and by neutralising it with a base, a phos^ihovincUe may 
be obtained, composed after the general formula 2 M 2 ' 0 .Eg 0 .P„ 05 . 

A second acid is formed at the same time, having the formula HgO. 2 EjO.P 2 OB, its 
salts being Mg' 0 . 2 E 20 .P 05 . Phosj»hovinic acid is found abundantly in the residue 
from the preparation of iodide of ethyle. 

The tme pho 8 i)horic ether (SEjjO.PgOg) is also said to have been obtained. 

The true sulphuric cthor (EgO.SOg) can only be formed by passing the vapour of 
anhydrous sulphuric acid into ether. It is an oily liquid, heavier than water, and 
decomposed by heat, olefiant gas and alcohol being formd amongst the products, for 
CgHg + CjHbO = (aHslgO. 

The fragrant liquid known as heavy oil of tcipr, which is formed towards the latter 
part of the preparation of ether and of olefiant gns (page 92), a])pears to contain 
the sulphate of oxide of ethyle, together with some hydrocarbons of the olefiant gas 
series. . When decomposed with a solution of potash, light oil of wine rises, which 
contains hydrocarbons of the olefiant gas series. 


373. When ether or alcohol is added to concentrated sulphuric acid, 
much heat is evolved, in consequence of the combination of the oxide of 
ethyle with sulphuric acid, to form snlpkovinic or mlpJtetJiylic acid, 
HjO.EgO. 2 SO 3 or hisulphate of oxide of ethyle, corresponding in com¬ 
position to the bisulphate of potash, KjO.Hg(). 2 SOj. If baryta be now 
added to the solution, the uncombined sulphuric acid wUl be precipitated 
in the form of sulphate of baryta, but the sulphovinic acid t^I combine 
with the base to form the sulphovinate of baryta, which may be obtained 
by evaporating the solution, in rhombic prisms which have the formula 
BaO.EjO. 2 SO 3 .2Aq., and are easily soluble in water. By cautiously 
adding sulphuric acid to the solution of sulphovinate of baryta till the 
whole of the baryta is precipitated as sulphate, and evaporating the filtered 
liquid in vacm, the pure sulphovinic acid is obtained as a syrupy liquid 
liable to spontaneous decomposition, and readily decomposed when heated 
with water, into alcohol and sulphuric acid— 

HgO.EgO.2SO, + 2B^0 = 2(HjO.SOJ + 2i;H0. 

Snlpbovinlc acid. c AicolioL 

The sulphovinate of soda, prepared by decomposing the baryta-salt 
with carbonate of soda, is used medicinally in Germany. 

37 4. Vinie acids are not famed hy monobasic acids. —It must be noticed 
that although the greater number of the acids are capable of forming ethers. 
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only a few of them produce vinic acids. Indeed, only those acids form 
vinic acids which are polybasic, i. e., require more than one atom of a 
metal for the formation of a normal salt (p. 254), the tendency to form a 
vinic acid depending upon the possibility of replacing a portion of the 
hydrogen in the hydmted acid by ethyle. In the case of nitric acid, which 
is undoubtedly a monobasic acid, and does not form acid salts, no vinic 
acid can be produced ; the formula of the acid being HKOg, the hydrogen 
must bo entirely or not at all replaced by the ethyle. 

375. Theory of etherification. —When sulphovinic acid is decomposed 
by heat, especially in the presence of excess of alcohol, a large proportion 
of ether is found among the products, and this has given rise to a very 
general opinion among chemists, that the production of sulphovinic add is 
an intermediate stage in the formation of ether, by the ordinary process 
of distilling alcohol with sulphuric acid. At first sight it would appear 
that the etherification of alcohol in this process was sufficiently explamed 
by reference to the attraction of sulphuric acid for water, and consisted in 
a simple removal of water from the alcohol by the acid, for— 

2C,H„0 - IlgO - c.ir.„u. 

Alcohol. Ether. 

When it is found, however, that a continuous stream of alcohol, flowing 
into heated sulphuric acid in a rctor^ is converted into ether and water, 
which is not retained by the 8ulplijiirlc'~aeid,. but distils over with the 
ether, and that tliis may go on almost without Unfit, this explanation is 
no longer tenable. 

Accordingly, the formation of ether from alcohol by the action of sul¬ 
phuric acid is generally referred to the formation of sulphovinic acid, as 
soon as the alcohol and the acid are brought in contact, and the subsequent 
decomposition of this sulphovinic acid, in the presence of water or alcohol, 
into hydrated sulphuric acid, water, and ether; thus— 

H,O.E, 0 . 2 S 03 + HgO -- 2 (H 30 .S 03 ) + E,0, or 

Sulphovinic acid. Ether. 

H30.E.X).2S03 + 2EHO - 2 ( 1130 . 803 ) + 2 E 3 O. 

Sulphovinic acid. Alcohol. Etiier. 

The hydrated sulphuric acid thus set free would of course give rise to 
the formation of a fresh quantity of sulphovinic acid, which would be 
decomposed in its turn, and so on without limit. 

A strong argument in fevour of this view is deducible from the follow¬ 
ing experiment:— 

When amylic alcohol (the amylic hydrate CjHjJlO) is mixed with con¬ 
centrated sulphuric acid, it forms sulphamylic acid (CjH„)a 0 .H 30 . 2 S 0 j, 
corresponding to sulphovinic acid, and if this be heated in a retort, and 
alcohol bo allowed to flow into it, as in making ether, the first portion which 
distils over is found to be a true double ether molecule (CgHj.CBH,j.O), the 
production of which would be represented by the equation— 

H,0.(C.H„)30.2S03 + = 2(C3ll3.C3Hu.O) + 2(H30.S0,). 

Sulphamylic acid. Alcohol. Amylothyllc ether. 

On continuing the distillation, nothing but ordinary etbylic ether is 
obtained. 

The existence of these double ethers might have been anticipated from 
what has been said with respect to the double radicals (p. 513), but the 
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pONSTITUnON OF ALCOHOL AND ETHEK. 

jDode of formation in the ahoye instemce certainly affords support to the 
view, that ether results from the decomposition of sulphovinic acid hy 
alcohol in the ordinary etheiifying process. 

On the other hand, this theory of etherification is shaken hy the circum¬ 
stance, that if vapour of alcohol be passed into boiling sulphuric acid, 
of sp. gr. 1*62 (boiling at 290") almost the whole of the alcohol is resolved 
into water and ether, which distil over, so that either no sulphovinic acid 
is formed, or it is only formed to be immediately decomposed. If the acid 
have the sp, gr. 1’61 (boiling at 330"), no etW is obtained, the alcohol 
being resolved mto olefiant gas and water. 

Moreover, hydrated phosphoric acid cannot be substituted for the sul¬ 
phuric acid in the preparation of ether, notwithstanding that it also forms 
a vinic acid. 

Hence, many chemists are inclined to attribute to sulphuric acid a 
specific action by contact {catalytic action) upon alcohol, causing its resolu¬ 
tion into water and ether, or olefiant gas, according to the temperature. 

This view receives some confirmation from the behaviour of sulphuric ’ 
acid towards cellulose and certain other substances, in which it causes 
important transformations, without itseK appearing to take part in the 
change. 

In connection with this subject, it is remarkably interesting to observe, 
that alcohol may actually be reproduced from olefiant gas and water under 
the influence of sulphuric acid. If concentrated sulphuric acid be vio¬ 
lently agitated in a vessel containing olefiant gas, the latter is absorbed, 
and on diluting the acid with water and distilling, a quantity of alcohol 
is obtained. 

376. Alcohols and ethers referred to the water type. —When potassium 
or sodium is thrown into absolute alcohol, the metal is dissolved with 
disengagement of heat and rapid evolution of hydrogen, and a crystalline 
compound is formed, known m potassium-alcohol {ethylate of potash) or 
sodium-alcohol {ethylate of soda)^ and containing an atom of the metal 
in the place of an atom of hydrogen; the action of potassium upon 
alcohol would be thus represented— 

CjHjHO iAlcokot} -h K =5 CjHgKO iPotatsima-alaiholi + H , 

Other alcohols behave in a similar manner. No one can fail to be struck 
with the similarity which exists between the action of potassium upon 
alcohol and upon water, and chemists have naturally endeavoured to refer 
both actions to a common type. 

The decomposition of water by potassium is represented by the 
equation— . 

= }o + K = g}0 + H. 

Alcohol may be represented with equal fitness, as water *m which half 
the hydrogen is replaced by ethyle (CgHg), oi EHO, and the action of 
potassium upon it may be thus expressed— 

|}o ♦ K = |}0 + H. 

« 'Fotaasium- 

Aleohoi. 
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In a similar numner sodium-alcoliol would be formed.* 

When sodium-alcohol is heated in a sealed tube with the iodide of one 
of the alcohol-radicals, Ibe sodium combines with the iodine, whilst the 
alcohol-radical enters^into the place of the sodium, and a double ether is 
formed. 

Thus, if iodide of methyle (CHjI) be decomposed by sodium-alcohol— 

CH.I * i}0 = M + CH,}0- 

Sodlnm-aJcoltal. Methyl-eUiylic 

ether. 

E 1 

In a similar manner amyl-ethylie etheVy q u 10, would be produced. 

Again, if iodide of ethyle bo decomposed by sodium-alcohol, common 
ether is obtained, and the action must in consistency be similarly ex¬ 
plained— 

C.H.I 4. = Nal * «A}0. 

Sodittm-alcohol. Common etber. 

Alcohol and ether are constituted upon the same type, that of a mole¬ 
cule of water, and bear to each other the same relation as exists between 
caustic potash and potash; thus— 

Potassium series. Ethyle series. 

Potassium, ... ; (CjlQj Ethyle. 

Caustic potash, . H | ^ | ^ Alcohol. 

Potash, . . K} ^ ^ Ji-ther. 

877. Compounds have been obtained corresponding to alcohol and ether, in which 
the place of the oxygen is occupied by sulphur, and which bear the same relation to 
hydrosulphuric acid as alcohol and ether bear to water. 

Type .—Hydrosulphuric acid, ^ | S 

I S Sulphide of potassium, K | ® 

Mercaptan, . • *> S Hydrosulphate of potassium, ® ■ 

All these compounds are distinguished for their powerful odour of garlic. This 
is especially the case with mercaptan, which is notoriously one of the moat evil- 
smelling chemical compounds. It is prepared by distilling solution of hydrosulpbate 
of potassium (obtained by saturating potash witli hydrosmphuric acid) with snlpho- 
vinate of potash, or better, of lime— 

’• KCaHjSO^ + H I S = j S + KjSO* . 

Sulphovinate of potash. Hercaptsn. 

Mercap^ is a light, very volatile and inflammable liquid, sparingly soluble in 
water. That ^ is constituted after the type of hydrosulphuric acid is shown by its 
action npon metals and their oxides. Potassium acts upon it precisely as it does 
upon alcohol— • 

js + K = -e H. 

Mercaptide of potasstam 
uercaptan potassium-mercaptan. 

• Thallium-alcohol, C,H,TK), has also been obtained as a colourless liquid remarkable 
for its high specific gravity (3'6fi) and great refractive and dispersive action upon light. 


Hydrosulphuric ether, 
(sulphide of ethyle), 
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Its name was bestowed iu allusion to its action upon mercuric oxide, when it 
forms a white crystalline inodorous compound, insoluble iu water but soluble in 
alcohol— 

2{CaH,)HS 4 Hg"0 = (CaH5.)sS.Hg"S f HjO. 

Mercaptan. Mcrcaptide of mercury. 

378. Hydrocyanic cth&r (t'jjHa.CN ■= ECy), or cyanide ofethyle, is obtained by 
distilling sulphoviuate of potash with cyanide of potassiiun— 

KESO 4 4 KCy = ECy 4 KJSO 4 . 

Sulphdvinato Hydrocyanic 

of potasli. ether. 

Tho cyanide of ethyle is a volatile poisonous liquid, smelling strongly of garlic. 
Its most interesting feature is, that when boiled with a solution of potash, it furnishes 
propylate of potash, whilst ammonia is evolved— 


(\Hb.CN 4 KHO 4 HjO = KCallsOj, 4 NHj. 

Hydracyanic Propylate of 

ether. potuch. 

In a similar manner, the cyanides of all the alcohol-imlicals, when boiled Avith 
solution of potash, yield the potush-sult of tlio acid which stands next in tho 
homologous series. Thus cyanide of tnclhyU (CH3.CN) yields the potsish-salt of 
acetic acid belonging to the ethyle series; cyanide of ainyU (CjHij.CN) yields 
(».proatc of potash belonging to the aqrroyle series, and so on. This mode of decom- 

i iositiou arjgues strongly that hydrogen is really the tyjje of these radie-als, for when 
lydrocyanic acid (HCN) is boiled with solution of potash, it yields the potash-ssilt 
of formic acid, the lowest member of the homologous series— 

HCN 4 KHO 4 HgO = KCUO2 4 NH3. 

Hydrocyanic acid. Foruilatc of polaah. 


Thus, leaving the potash out of consideration ; 

H.CN 4 2 H 2 O = CHjOj 4 NII 3 
Cyanide of liydrogcn. Kumiie acid. 

CH 3 .ON 4 CaH^Oj 4 NH 3 

Cy auide of metl lylc. Acetic acid. 

• 

CaH 5 .CN 4 211a() - CgHsOa 4 NH 3 . 
Cyanide of ethyle. i’ropylic acid. 


A plausible explanation of these changes may be given, if the hydrocyanic acid 
(HCN) be represented as aminouia (N H 3 ), iu which two atoms of hydrogen are 
replaced by an atom of carbon (just as two atoms of hydrogen in water are replaced 
by one atom of carbon to form carbonic oxide). 


S jH + 

S: 

0 . = “j-jo. + N jH 

« 

Hydrocyanic acid. Water- , Formic acid. Ammonia. 


N 1 

g;l 

0, = (CHJ'H jo, + N 1 

,H 

iHs- 

Cyanide of methyle. 


Acetic acid. . 


N + 

S:i 

1 0 , = jo. + N 

IH*. 

Cyanide of ethylo. 


Propyiic acid. 



The cyanides of the alcohol-radicals will be again referred to under their other 
de^ilpatiou of mtriles. 
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KAJCODYLE SEEIES—ORGANO-METALLIC BODIES. 

379. One of the most pleasing results of the progress of investigation 
in chemistry, is the discovery of the true position among classified com¬ 
pounds which is to be assigned to some substance hitherto regarded*as 
anomalous, and as destroying by its presence the symmetry and complete¬ 
ness of an otherAvise perfect classification. Such was the case, until 
within the last few years, witli kakodyle, and the bodies derived from it. 
Discovered long before the science of organic chemistry was prepared to 
receive it, it taxed the ingenuity of chemists to find a place for it in their 
arrangement of organic compounds, and always occupied an anomalous 
and isolated position. Modern research has now brought to light a whole 
series of compounds, which would not have been complete without kako- 
dylo, and this hitherto incomprehensible substance has at length been 
assigned its proper place. 

When a mixture of equal weights of arsenious acid and dry acetate of 
potash is submitted to distillation, a heavy poisonous liquid is obtained, 
which has a most disgusting odour of garlic, and takes fire spontaneously 
when exposed to the air. Thi.s liquid, ivhich has long been known under 
the names of alcansin (arsenical alcohol), and Cadet's fnminy liquor, has 
tile composition C^HjgASjjO, and its production may be represented (if the 
various secondary products be neglected) by the equation— 


4(KC,H,0,) + As,0» - C,H,.,As,0 + 2(K,,O.CO,) + 200^. 

Acetute (if potaiiii. Alcurniii. 

if acetic acid be represented by the formula derived above (p. 620) from its 
formation in the action of water upon cyanide of inetbyle, the fonnation of alcarsiu 
would be easily explained. Acetate of potash would then be represented by the 

formula | action upon arsenious acid might be thus ex- 

pressed- 


Aso 


0 

() " 
''a 


+ 41 


j 0,). 


As« 


Arseuiuus acid. Acetate of iiotasli. 


0 

Alcarsin. 


+ 2(KaO.OO,) + 2C0a 


Alcarsin has the properties of a haso; it is capable of combining with 
the oxygen acids to form crystallisable salts, and in contact with the 
hydrogen acids it furnishes water, together with a salt of tlie radical of the 
acid. Thus, with hydrocliloric acid, wo liave— 


C,H,^4.8,0 211G1 - Cjr,A 8 ,Cla + H.,0. 

• Alclii'slu. Chloride. 

• 

The best method of obtaining this chloride consists in dissolving the alcarsin 
in alcohol, and adding an alcoholic solution of corrosive sublimate, when 
a white crystalline solid is obtained, composed of CjHjjAsjO.HgCl^; and 
on distilling tT)ia with hydrochloric acid (out of contact with air), another 
spontaneously inflammabl% liquid is obtained, of insupportable odour, and 
composed of CjHgAsCl. By distilling this chloride with zinc in an atmo¬ 
sphere of carbonic acid gas, a third unbearable liquid is procured, which 
has the formula C 4 HjjA 8 j, and has been named kakodyle, in allusion to 
its iutolemble odour (kokos, had). This substance is obviously the radical 
from which the compounds just mentioned are immediately derived; thus— 
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Kakodyle, C^Hj-As, = Kd, 

Alcarain, or oxide of kakodyle, C^HuABjO = Kd,0 
Chloride of kakodyle, CjHgAsCl = KdCl. 

The remarkable properties of kakodyle leaye no doubt as to its being 
really the radical of these oompounds, in the same sense in whicli potas- 
aiipn is the radical of the oxide and chloride of that metal, for kakodyle 
enters into direct combination with chlorine and with oxygen, its attraction 
for the latter being so energetic as to cause its spontaneous inflammation 
in the air. 

The discovery of this radical, comporting itself in all respects like a 
metal, was of the utmost importance in its effect upon organic chemistry, 
affording very strong ground for belief in the existence of other quasi- 
metaUic radicals, such as ethyle, mcthyle, &c., which have only recently 
been isolated. A similar service had been previously rendered to the 
science by the discovery of the compound radical cyanogen (CN) belong¬ 
ing to the electro-negative class opposed to the metals, and for a long time 
these two remained the only compound radicals which had been obtained 
in a separate form. 

When kakodyle is brought gradually in contact with oxygen, it is first 
converted into the oxide of kakodyle ((G 2 H 8 A 8 ) 20 ), and subsequently, if 
water be present, into kalcxjdylh acid (HCjHgAsO,j = HKdOg), which forms 
prismatic crystals, unaltered by air, and destitute of poisonous character. 
When treated with hydrochloric or hydrosulphuric acid, it yields ter- 
cMendde (KdClJ and sesguisnlphide of ImTmdyle (Kd^Sj). 

The most poisonous member of this series is the cyanide of kakodyle 
(C,jHgAs.Cl!f = KdCy), which is easily obtained in crystals by decom¬ 
posing cyanide of mercury in solution with oxide of kakodyle— 

HgCyj + Kd„0 = HgO + 2KdCy. 

A very minute quantity of this substance diffused in vapour through the 
air has the most dangerous effect upon those inhaling it. 

The following are the most important members of the kakodyle series — 


Kakodyle, 

Oxide of kakodyle, 
Sulphate of kakodyle, 
Sulphide of kakodyle, 
Chloride of kakodyle, 
Kakodylic acid, 

Eakodylate of silver, 
Sesquisulphide of kakodyle, 
Terohloride of kakodyle. 


(CjH6As),=Kd2 

(C,H8As)j0=Kd20 

(CsH 8 A 8 )j 0 .S 03 =KdjO.SOj 

(CsH8As)«S=kd,S 

CaH«A 8 Cl=KdCl 

HCaH8A80,=HKd08 

AgCjHfl AsOj=AgKdOj 

(CjHeAB)8S8=Kd8S8 

CgHfiAsClj^KdCl,. 


380. Orgaiio-metallic compounds .—The only way of referring kakodyle 
to any known series was to regard it as an association of arsenic with two 
molecules of methyle (CH^), and this supposition necessitated the exist¬ 
ence of other compounds of a similar nature, formed, that is, by the asso¬ 
ciation of an inorganic element with a quasi-metallic radical Accordingly, 
within the last few years, it has been discovered that by heating the 
iodides of methyle, ethyle, and amyle, with adnc, compounds of those 
' radicals with the metal can be obtained, and these compounds, like kako¬ 
dyle, are distinguished by their remarkable attraction for oxygen. 

S^or are arsenic and zinc the only elements with which these radicals 
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can be associated; boron, potassium, sodium, magnesium, aluminum, 
cadmium, tin, antimony, bismuth, lead, and mexcury may be made to 
iumisb similar compounds, and the principle is novir fully established 
that the alcohol-radicals can enter into combiimtion with metals to form 
compounds which are, in some cases, capable of direct union with oxygen 
and other electro-negative elements, for which they exhibit a greater 
attraction than the metals themselves. * 

The members of this class of organo-metallic bodies which have been 
the subjects of some of the most important researches deserve special 
attention. 

Zitw-ethyh is prepared by the action of zinc upon iodide of ethyle— 
2G,HJ -f Zn, = (C,H,),Zn + Znl,. 

800 grains of bright freshly granulated and thoroughly dried zinc are placed in a 
half-pint flask (£, fig. 293), which is connected with the carbonic acid apparatus (A), 



Fig. 293.—Preparation of zinc-etliyle. 


from which the gas is passed through strong sulphuric acid in the bottles (B and C) 
where it is thoroughly dried. A second penoration in the cork of the flask (E) allows 
the passage of the tube /, which passes through the two corks in the wide tube F, and 
into a little mercury in D. A stream of cold water is kept running through 
the wide tube (F), being conveyed by the caoutchouc tubes i t. When the whole 
apparatus has Iwen filled with carbonic acid, the cork of the flask (E) is removed, and 
400 grains of iodide of ethyle (perfectly free from moisture) are introduced, the cork 
being then replaced.* The caihouic acid is again passed for a short time, and then 
cut oAF by closing the nipper-tap (T) upon a caoutchouc connector, when the gas 
escapes through the tube (G), which dips into mercury. A gentlo heat is then applied 
by a water-bath to the flask (E) till the iodide of ethyle lioils briskly, the vapour 
being condens^ in the tube /, and running back into the flask. In about five hours 
the conversion is complete, and the iodide ceases to distil. Hie nipper-tap (T) is 
n g aiti opened and a dow current of carbonic acid allowed to pass; the position of 
the condenser fF) is reversed (fig. 294), and the tube / is connected, by the cork K, 
with the short tesMube 0; the longer limb of a very narrow siphon (I) of stout 
tube passes through a second perforation in the cork (E), the shorter limb passing 
into me very short test-tube^F), the cork of which is also furnished with the short 
piece of moderately wide tube (L). For receiving and preseiying the zinc-etbyle, a 
number of small tubes are prepared of the form shown in fig. 295. The long narrow 
neck (R) of one of these is passed down the short tube (L) to the bottom of P, the 
other end (N) of the tube being connectedjwith an ap^ratus for passing dry car- 

* The process is said to be much accelerated if about ^th of zinc-ethyle is dissolved in 
the iodide of ethyle. 
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bonic add. The whole of the apparatus being filled with this gas, the uipper-tap is 
closed, and the flask {E) heated on a sand-bath, so that the zinc-ethde may dxstil 
over, a slow stream of carbonic acid being constantly passed into P, the excess 



escaping through L. When enough zinc-ethyle has collected in the tube (0) a 
blow-pipe flame is applied to the narrow tube (N), which is drawn off and sealed; 

the syphon tube (1) is then gra¬ 
dually pushed down, so that its 
longer limb may be suificiently 
immersed in the zinc-ethyle, and 
the nipper-tap (T, fig. 293) is 
Fig. 295. opened, when the pressure of the 

carbonic acid forces over a part 
of the zinc-ethyle into the tube P. By heating the tube (M) with u spirit-lamp, so 
us to expel part of the carbonic acid, and allowing it to cool, it will become partly 
filled with zinc-ethyle, und may be withdraurn and quickly sealed by the blow-pipe. 
The spontaneous inflammability of the zinc-ethyle, and its ea-sy decomposition by 
water, render great care necessary in its preparation. If an alloy of zinc with one- 
fourth its weight of sodium be employed, the conversion may be clTected in an hour. 

If any moisture were present in the materials employed, it would 
decompose a corresponding quantity of the zinc-ethyle, yielding oxide of 
zinc and gaseous hydride of ethyle— 

(C,H,),Zn -P 11,0 = 2 (CjH 5 .H) -h ZnO. 

Zlnc-cthyla Hydride of ethylo. 

Zinc-ethyle is a colourless liquid of powerful odour, heavier than water 
(sp. gr. 1*18), and boiling at 244° F. In contact with atmospheric air, 
it takes fixe spontaneously, burning with a dazzling greenish-blue flame, 
which emits white clouds of oxide of zinc. If a piece of porcelain he 
depressed upon the flame, a deposit of metallic zinc is formed, surrounded 
by a ring of oxide, which is yellow while hot, and white on cooling. 

When oxygen is allowed to act very gradually upon zinc-ethyle, zinc- 
alcohol (or ethylate of zinc) is formed, corresponding to pot'assium- and 
sodium-alcohol (ethylates of potash and soda), which have been already 
described— 

(CA)*Zn + 0 , = Zn(C,H,)A. 

Zlno-olcoltoL • 

Under the gradual action of other electro-negstive elements, zinc-ethyle 
is decomposed into compounds of zinc and ethyle with the particulaz 
element employed j (C,Hj),Zn + 14 = 2 CJH 5 I ■+ Znl,.^ 

Zinc-rmthjh (CHj,)jjZn is prepared by the action of zinc upon the iodide 
df methyle (CHgl), and resembles 2inc-ethyle in its general character; it 
is, however, f|r more volatile and more energetic in its reactions than 
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zinc-ethyle, and is decomposed with, inflammation and explosion when 
brought in contact with water, yielding oxide of zinc and marsh-gas 
(hydride of methyle). 

(CH3)2Zn -I- HjO = 2(CH3.H) {HydriikofmtthyU.^ + ZnO. 

Zinc-amyle (C5H3,).3Zn is not so violent in its reactions ; it does not 
inflame when exposed to air, but absorbs oxygen very rapidly. 

Potassium-ethyle and mdiiim-ethyle (CjIl5,K and CgH^.l^a) have'as 
yet been obtained only in combination with zinc-ethyle by heating this 
liquid in a scaled tube with potassium or sodium, when metallic zinc is 
separated, and the alkali-metal takes its place— 

3 (C,H 3 ),Zn -H Na, = 2 (Zn(C,ig,.NaCA) + Zn. 

The double compound of sodium-ethyle with zinc-ethyle is a crystalline 
solid which decomposes water with groat violence, forming soda, oxide 
of zinc, and hydride of elhylo.* Its behaviour with carbonic acid is very 
interesting and important. 

When the crystalline compound of sodium-ethyle with zinc-ethyle is 
introduced into a bulb-tube through wliich diy carbonic acid gas is 
passed, much heat is evolved, zinc-ethyle distils off, and a white solid is 
left in the bulb, which is found to consist of the propylate of soda, 
NaCjHgOa fonned according to the equation— 

C,H,Na ■+■ CO3 = NaCaHsOj. 

This reaction is one of very great importance, representing the first 
successful attempt to produce directly one of the organic acids from 
carbonic acid, and indicating a general method for the formation of the 
other acids of the same series. 

Thus, if sodium-metbyle bo treated in the same way, it yields acetate 
of soda— 

cn^Na CO, =. 

By heating iodide of methyle in a sealed tube with a compound of 
arsenic and sodium, kakodyle or arsenio dimelhyle is obtained— 

2 Cn^J) -I- AsNa, = Aa(Cn,), 4- 2 NaI, 

Kakodyle. 

and thus kakodyle finds its place among the organo-metallic bodies, 
the existence of which it foreshadowed. 

When iodide of ethyle is treated in a similar manner, arsemo- 
dieihyle, As(CsH5)2, or ethylic kakodyle, is obtained. 

381 . Arsenio-inmethyh or trimthylarsine, As(CH,)3, and arsenio- 
triethyle os^ridhylarmia, A8(C.,H5)„ may be obtained either by acting 
upon the io(Rdes of methyle and ethiyle with a compound of arsenic with 
three atoms of sodium— 

3(CH3.I) -t- AshX = As(CH3)3 + 3 NaI, 
or by decoiftposing zinc-methyle or zinc-ethyle with terchloride of 
arsenic— • 

SZniCfi,), + 2ASCI3 = SAsCC^HJ, -i- SZnCl,. 
Afsenio-triethyle has a kakodylic odour, but does not take fire when ex- 

* strange to stay when this compound of sodium-ethyle with zinc-ethyle is heated, it 
leaves metallic soaium and zinc. 
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poBed to aiiy althougli it oxidiaes with great rapidity. Like kakodyle, it 
is capable of producing a base by combination with oxygen, which has 
the formula As(CjHg) 80 , and is csdled arsenic trlethoxide. Similar com¬ 
pounds have been obtained in which the oxygen is replaced by chlorine, 
iodine, and sulphur. 

Other arsenical compounds of ethyle and methyle have been produced, 
coptaining four equivalents of the alcohol-radical, but the oxide of tetre- 
thyl-arsonium [As(CgH3)j3(0 and its congeners are really substances be¬ 
longing to the ammonium family, and they will be again alluded to 
elsewhere. 

Siibethyle, Sb(CgH)3, or stibiotriethyle, and stibiotrimethyle, Sb(CIIj)j, 
are obtained by processes similar to those which furnish the correspond¬ 
ing compounds of arsenic, which they much resemble. 

Stibethyle has a powerful odour of onions, and takes fire spontaneously 
in air. It combines with oxygen, chlorine, iodine, and sulphur, with 
great energy. So powerful is its attraction for chlorine, that it displaces 
hydrogen from concentrated hydrochloric acid— 

Sb(C3H3)3 + 2 HC 1 - Sb(C,H3)3.Cl2 + H,. 

Bichloride of sUbethyle. 

The oxide of stihethyle is a basic substance. The iodide of tetre- 
thylstibonium, belongs to the ammonium family. 

Mercuric methide Hg((^H3)3 and ethide Hg(CjjH,)5, are formed by the 
action of zinc-methyle and zinc-ethyle upon bichloride of mercury— 

Zn(C3H3), + HgCl^ = ZnCl^ + Hg(C3H3)3. 

The methyle compound is the heaviest liquid (except metaUic mercury) 
which is known ] its specific gravity is 3 ' 07 , so that glass floats upon its 
surface. 

Aluminum ethide, Al3(C3Hj)j, is obtained by decomposing mercuric 
ethide with aluminum, SHgE^ + Al^ = llgj + Al^Eg. It is a colour¬ 
less liquid, spontaneously inflammable, and decomposed by water. The 
corresponding methyle compound; Al2(CH3)g, solidifies at a little above 
32 ° F. into a transparent crystalline mass. 

Triborethyle B(C2Hb) 3, has been obtained by the action of zinc-ethyle 
upon horacic ether— 

2F3BO3 + 3 ZnEa = 2BF3 -I- SZnFjjOj . 

Boracic ether. Zinc-clhyle. Triborethyle. Etliylato of zina 

It distils over as a very light (sp. gr. 0 * 69 ) colourless liquid which has 
an irritating odour, and is insoluble in water. It inflames spontaneously 
in air, burning with a beautiful green flame, and explodes when brought 
in contact with pure oxygen. By gradual oxidation it is converted into 
the compound BEiOg, which may be distilled in vacuo without decom¬ 
position. When this liquid is mixed with water it is deconfposed, yield¬ 
ing alcohol, and a volatile white crystalline body, BHaEO,— 

BEPj + 2H2O = BHjEO, + 2 g:HO). 

This substance has an agreeable odour, an(| a most intensely sweet 
taste j it is very soluble in water, alcohol, and ether. 

Boric mefhide, B(CHj) 3, is formed by the action of a strong ethereal 
solution of zinc-methyle upon boracic ether— 

* .* 2E3BO3 + SZnMe* = 2BMe3 + 3ZnE20,. 

Boracic ether. Zinc-methyle. Boric methide. Ethylate of zinc. 
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Boric methide ic a heavy (sp. gr. 1 * 93 ) colourless gas, haviug an intoler* 
ably pungent tear*exeiting odour, and capable of liquefaction under a 
pressure of three atmospheres at 50 ® F. When it issues very slowly into 
the air from a tube, it undergoes partial oxidation, and produces a lam¬ 
bent blue flame, invisible in daylight, and incapable of burning the 
fingers; but when it comes rapidly into contact with air, it bums with a 
bright green hot flame, remarkable for the immense quantity of lajge 
flakes of carbon which it disperses through the air, apparently because 
the boracic acid produced envelopes them and prevents their combustion. 
Boric methide combines with an equal volume of ammonia gas, producing 
a white, volatile compound NHg.BMe3, which is deposited in fine crystals 
from its ethereal solution, and may be sublimed without decomposition. 
Its vapour, like that of sal-ammoniac, occupies four volumes instead of 
two. Water absorbs very little boric methide, but alcohol dissolves it 
readily. Solutions of the alkalies and alkaline earths also absorb it, and 
potash decomposes the ammonia compound, but the combinations of boric 
methide with the alkalies do not crystallise, and are decomposed even by 
carbonic acid. 

Silicium-eMyle, SiE^, results from the decomposition of chloride of 
silicon with zinc-ethyle ; it is not decomposed by water or by solution of 
potash, is lighter than water, and burns with a bright flame. Silicium- 
ethyle is especially interesting as the source of a new alcohol in which a 
part of the carbon appears to be replaced by silicon. The formula of this 
alcohol is said to be SiCgHjuO, which may be represented as the (missing, 
see p. 512 ) alcohol Cgn„, 0 , (nonyle-alcohol), in which an atom of carbon 
is replaced by an atom of silicon. 

Siiicium-hexethyU, Si^Eg, corres])onding in composition to aluminum 
othide, is also an inflammable liquid, the vapour of which has the high 
specific gravity 7 * 96 . 

SiMcium-ineiltylfly Si(CHj,)j, is obtained by the action of chloride of 
silicon upon iodide of methyle in the presence of zinc. It is a liquid 
which bums with a luminous flame, producing white fumes of silica. 

382 . The following table exhibits the composition of the principal com¬ 
pounds of alcohol-radicals with inorganic elements which have yet been 
analysed, omitting some of the compound ammonias, which will be noticed 
hereafter:— 


Componnds of alcohol-radicals 
with inorganic elements. 

Formula. 

Inorganic 

Type. 

Sodium-ethyle, .... 

NaE 

NaCl 

Ma^esinm-ethyle, . 

MgEg 

MgCla 

Aluminum-ethyle, 

AlgEg 

A4C1* 

2mc-methyle, .... 

ZnMog 

ZnCl, 

Zinc-^ethylc, .... 

ZnEg 

ZnCl, 

Zinc-omyle, .... 

ZnAylg 

ZnCl, 

Stan-methyle, . * . 

SnMe, 

Snd, 

Stan-ethyle, - . 

SnE, 

SnCl, 

Sesquiethide of tin, . 

SuaEg 

SngOy 

Diethiodide of tin, 

SnsE^Ig 

SiijOg 

Stannic ethide, .... 

SnE4 

SnCl* 
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Componnds of alcohol-radicals 
'with Inorganic elrmcnta. 

Formnla. 

Inort^nlc 

Tj'po. 

Stannic ethylomctliide, 

SnEjMoj* 

SnCl4 

Stannic iodethide, 

SllS2lg 

SnCh 

Bismuthous ethide, . 

BiE, 

BiClg 

Bisniathous dichlorethide, . 

BiEClg 

BiClg 

Plumbic ethide,.... 

PhE^ 

PbOg 

Mercuric ethide. 

HgEa 

HgClj 

Mercuric methidc. 

HgMcj 

HgClg 

Stihethyle, .... 

SbEj 

SbClg 

Antimonic triethoxide. 

SbEgO 

SbClg 

Iodide of tetrethyl-stiboninin, . 

SbEJ 

SbClg 

Kakodyle,. 

AsMeg 

A.SgS2 

Oxide of kakodyle, . 

A 82 Me 40 

As.j08 

Arsoniotu) oxymethidc, . . . 

AsMeO 

AsClg 

Trimethyle-avsine, 

AgMeg 

AsClg 

Monomethyl arsenic acid, . 

AsMeOg 

AsClg 

Rakodylic acid, .... 

HAsMcgOj 

HAsOg? 

Sttlphokakodylic acid. 

(AsMegk^Sg 

ASgOg 

Terchloride of kakodj'le, . 

AsMcgClg 

AsClg 

Arsenic triethoxide, . 

AsEgO 

AsClg 

Oxide of tetrethylursoninm, 

(A8E4)gO 

.As^Oij 

Oxide of dimetliyl-dicthylarsonium. 

(AsMcgEglgO 

ASjjOg 

Triborethyle. 

BEg 

BOlg 

Boric methidc, .... 

BMcg 

BClg 

Silicium-ethyle, 

SiE^ 

SiCh 

Siliciiim-methyle, 

SiMc^ 

SiCl4 


These compounds axe evidently formed upon the typos of the inorganic 
combinations of the respective elements. Those elements -which combine 
in only one proportion with oxygen or sulphur, also combine in one pro¬ 
portion with an alcohol-radical; whilst those which form more than one 
compound with oxygen and sulphur also generally form corresponding 
compounds with alcohol-radicals. 

Thus zinc, which combines -with only two atoms of chlorine or bromine, 
also associates itself with two of methyle, ethyle, or amyle. Aluminum 
also combines only in one proportion with the alcohol-radicals, but that 
proportion corresponds with the composition of alumina, the only oxide 
of aluminum. 

Tin, on the other hand, forms three distinct series of comppunds with 
the alcohol-radicals, composed according to the ‘types of thb protoxide, 
sesquioxide, and binoxide of tin, respectively. And it must be observed 
that as long as the type is adhered to, the particular radical occupying a 
place in the compound appears to bo a matter of indifiFerence; thus we 
find, in the bodies composed after the type of sesquioxide of tm (Sn^Oj), 
one in which the places of the three atoms of'oxygen are occupied by 
ethyle, and another in which only two of the places are occupied by 
' ethyle (an electro-positive or quasi-metallie or hmtjlom radical), whilst the 
third is filled by iodine (an electre-negative or chlorous radicd). 

% Fomed "by the action of zinc-nethyle upon the stannic iodethide, ZnMe, + SnE,T, 
SnEjMe, + Znl,. 
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OKGAKIC ALKALOIDS—AMMONIA. 

383 . The attraction which the vegetable alkaloids have always possessed 
for the chendc{|^ inquirer is easily accounted for; composing, as they do, so 
very small a portion of the plants in which they are found, and yet repre¬ 
senting, in many cases, the whole virtue and activity of such plants fn 
their action upon the animal body, it is very natural that their composi¬ 
tion should have been very carefully studied, with a view to explain the 
changes by which they are produced in the plants, and, if possible, to 
imitate those changes in order to obtain these valuable remedies by arti¬ 
ficial means. In this study, however, the chemist has to contend with 
difficulties of no insignificant character; for even in the determination of 
the ultimate composition of these alkaloids, their high molecular weights 
and comparatively sinail proportion of hydrogen render the exact determin¬ 
ation of this element a matter of great difficulty, so that even at the 
present time the composition of some of the less known alkaloids can 
hardly be said to be definitely established. 

The following table includes the most important of those alkaloids 
which are extracted from plants:— 


AlkaIo<d. 

Source. 



Formula. 

Morphine 

Opium . 


• 

C„H,bN 03 

Codeine 

I* • 


• 

C„H„N 03 

Narcotine 

• • 



C,,Hb 3 NO, 

Papaverine 




C'boHb^NO^ 

Quinine 

Cinchona bark 



2olfs4^20s 

Cinchonine 

ft 

■ 


CbsHb^NbO 

Quinidine 

Caffeine 

ft 

Coffee 

• 


C 33 HS 4 N 3 O, 

CgHioNA 

Thcine 

Tea 


. 1 

Theobromine 

Cacao-nut 

« 


CyHgN^O., 

Strychnine 

Nux vomica . 

• 


CnHBsN.O* 

Brucine 

tf • 



C38H«,N304 

Nicotine 

Solanine 

Tobacco . , 

Potato-sboots . 



^1011x4^2 

Atropine 

Deadly nightshade 


. 1 
. i 

c,,h«,no. 

Daturine 

Stramonium , 



Cocaine 
Hyoscyamine 
Emetine • 
Aconitine 

Coca-leaves 
Henbane . 
Ipecacoauba . 
.Aconite ... 



C^HbjNO^ 

Veratrine 

White hellebore 



^82®62^S®8 

Coniine 

Hemlock, 



CgHiaN 

Piperiift * 
Capsicine 

Pepper ' . 

CayeAie pepper 



C„HuN 08 (?) 

Sparteine 

Common broom 




Curarine 

Cnrara poison , 



C 30 H 33 N 


From this table it is seen that the alkaloids invariably contain nitrogen ; 
and though this element generally forms a comparatively small p»t of 
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the weigM of tlxe alkaloid, not exceeding 31 per cent, in theokromine, 
which, ia the richest in nitoogen, and falling as low as 3*4 per cent, in 
narcotine, which ia the poorest, it is from this element that chemists have 
always started in their speculations upon the constitution of these impor¬ 
tant bodies. ^ 

The earliest view of any importance respecting the constitution of the 
aEkaloids was that of Berzelius, who, resting upon the constant presence 
of nitrogen and hydrogen in these sul^tances, regarded them as compounds 
of certain neutral substances (then unknown in the separate state) with 
ammonia, to which they owed their alkaline characters, and this opinion 
was much strengthened when it was discovered that certain organic bases 
(though not those actually found in plants) could be produced by the 
direct combination of ammonia with neutral substances; thus oil of 
mustard (CjHjNS), when combined with ammonia (NH3), yields the base 
thiosinnamim (C^HgNjS). 

To this view it was objected, that ammonia could not be detected in 
these organic bases, and as the doctrine of the displacement of one element 
by another, or by a quasi-element, gained ground, it was suggested that 
the organic bases might be really constituted in the same manner as 
ammonia itself, the place of a portion of the hydrogen being occupied by 
a group composed of carbon and hydrogen, or of carbon, hydrogen, and 
oxygen. This view of the constitution of the alkaloids, therefore, would 
at once projiose ammonia as the typo of tliis large class. 

In the earlier attempts to refer the organic bases to ammonia as their 
type, it was said that just as that substance is composed of four atoms 
(one of nitrogen and three of hydrogen), so are the organic bases, but that 
these contain only two separate hydrogen-atoms, the place of the third 
atom of that element being occupied by a*compound which discharges the 
functions of that third atom of hydrogen, and does not destroy the alka¬ 
line character of the original ammonia type. 

To apply this view to one of the least complex of the organic bases, 
aniline (CgH,!!}* we might represent it as ammonia (NHj), in which the 
third atom of hydrogen had been displaced by the hypothetical compound 
radical phmyle (CgHi,) for phenylamine. 

This view of the constitution of aniline was supported by the fact, that 
aniline may be obtained by the action of heat upon pheuate of ammonia; 
thus— 

NH3.C3H3O - H3O = NH3.C«H3 
Pheuate of Ammonia. Aniline. 

and as the substances derived from ammoniacal salts by the loss of a 
molecule of water were called amides (being supposed to contain amido- 
gen, NH„ this theory was spoken of as the amide-theory of the consti¬ 
tution of organic bases. 

Later research has.only extended this theory, having proved that 
ammonia is the type of at least the greater number of organic bases, and 
that not only one, but all three of the hydrogen-atoms, ace i^oveable, and ^ 
may be displaced by compound radicals, wh^st even the nitrogen of the ’ 
t3rpe also admits of replacement by other elements of the same chemical 
family, viz., by phosphorus, arsenic, ai^d antimony. 

A more instructive example of the elasticity of a type cannot be giv^. 

384 . Ethylated ammonias and their derivatives .—^When iodide of 
ethyle (C,!Ej^) U heated in a sealed tube with an alcoholic solution of 
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ammonia, in the proportion of single mtdecules, a crystalline compound 
is formed, which might at firat he regarded merely as a combination of 
the two bodies employed to produce it (C^jI.NHj); but when this 
substance is distilled with potash, it furnishes, instead of ammoniacal gas, 
a vapour which condenses, under the ordinary pressure in a receiver cooled 
by ice, to a very light colourless liquid which boils at 65®*6 F., and has 
a powerful ammoniacal odour. By analysis, this liquid is found to hasre 
the composition CaHyN, being, in fact, ammonia in which one-third of the 
hydrogen has been displaced by ethyla That this is the true view of its 
constitution does not admit of a doubt, since it so nearly resembles 
ammonia in all its characters, that it might easily be mistaken for that 
substance. The ethyl-ammonia or etliylia^ or ethylamine, has not only the 
modified odour of ammonia, but is powerfully alkaline, and combines 
readily with acids, forming salts, many of which may be crystallised. It 
is, as might he expected, more i^ammablo than ammonia. 

The crystalline compound formed by the action of iodide of ethyle upon 
ammonia is the hydriodate of ethylamine— 

(H rcA) 

an,! + H v.ni 

U i H j 

the hydrogen expelled from the ammonia having taken the place of the 
othylo in the iodide, forming hydriodic acid, which remains in combina¬ 
tion with the ethylamine. 

Chloride of othyle and bromide of othylo, when heated with ammonia, 
yield, respectively, the hydroclilorate and hydrobromate of ethylamine, but 
the iodide of othyle is preferred for tliis and similar experiments, as being 
less volatile, and therefore, more manageable in sealed tubes. 

"When the hydriodate of ethylamine is distilled with potash, it beliaves 
just as hydriodate of ammonia would do if similarly treated— 

NHj.TTI 4 - KHO = ^3 + KI + H3O 

Hydriodate of aimnooia. Ammonia. 

NH3.C3H3.HI -I. KHO = NH3.C.3H3 + KI + H3O. 

Hydriodate of ethylamine. Ethylamine. 

Ethylamine also combines with the oxygon acids in the same manner 
as ammonia— 

Sulphate of ammonia, ... . 2NH3.H3O.SO3 

Sulphate of ethylamine, . . 2(NH3.CjHg).Hj0.S03. 

If any further proof were wanted that ethylamine is really composed after the 
type of ammonia, it would be afforded hy the circumstance, that ethylamine may he 
prepared by di^illing cyanic ether with caustic potash. 

Cyanic ether •(CljHjCyO = CgHgCNO) is obtained hy distilling sulphovinate of 
potash with cyanate of potash— 

KCyO + KCjHbS 04 = CgHjOyO +KJSO 4 . 

Cyanate of potash. Snlphovlnate of potash. Cyanic ether. 

Now, cyanic ether is simply cyanic acid, in which an atom of ethyle occupies the 
place of an atom of hydrogen-* 

Cyanic acid, . . . HCyO 

Cyanic ether, , . . ECyO. 

When c]ranic acid is distilled with caustic potaA, it yields ammonia and carbonate 
of potash— 

HCNO + 2010 = Nils + KgO.CO, 
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wad dace cyanic etber contains an atom of ethylc, in place of an atom of hydromn, 
it would be expected to famish an ammonia in whidi a similar displacement had 
been effected— 

ECNO + 2KH0 = NHjE + K,O.CO,. 

Cyanic ether Ethylamlne. 

If ©thylamine he again acted upon by iodide of ethyle, a second atom 
ofchydrogen may be displaced by ethyle, and the hydriodate of diethyla- 
mine is obtained— 

Ethylamine. Iodide of Hydriodate of dietbylamine. 
etiiyle. 

and from this hydriodate the dietbylamine is obtained by distillation with 
potash, as a colourless and inflammable liquid, strongly ammoniacal, and 
having a much higher boiling point than ethylamine ( 134 °‘ 6 F.) In its 
chemical relations dietbylamine is a decided ammonia. 

In order to remove the third atom of hydrogen, it is only necessary to 
subject dietbylamine to the action of iodide of ethyle— 

+ CAI - N^C,H,V.1II 

I H j (.C,hJ 

Diethylamlnc. Iodide of Hydriodate of trlethylamine. 

ethyle. 

When this last hydriodate is distilled with potash, the triethylamine is 
obtained as a colourless liquid, presenting the strongest evidence of its 
relationship to ethylamine and dietbylamine as well as to ammonia. It is 
powerfully alkaline, and boils at a higher temperature than dietbylamine.* 

But the action of iodide of ethyle does not stop here, for if triethyla- 
mine be again heated with it, a molecule of that base combines with a mole¬ 
cule of the iodide to form the compound !N(CgH5)3.CgH5l, which may be 
represented as hydriodate of triethylamine in which the place of the 
hydrogen in the hydriodic acid is occupied by ethyle. 

But it will be remembered that the hydriodate of ammonia (]SrH3.HI) 
is sometimes regarded as the iodide of a hypothetical compound metal 
ammonium (NH^), and it would appear admissible to view the above 
compound as iodide of ammonium in which the four atoms of 

hydrogen are displaced by ethyle ; it would then be called iodide of tetre- 
thylammonium (NE^I), or iodide of tetrethylium. 

Unlike the preceding compounds, the iodide of tetrethylium may be 
boiled with solution of potash without decomposition, but if a solution of 
this substance be treated with oxide of silver, iodide of silver is formed, 
and when the solution is filtered and evaporated in mem ^Jver sulphuric 
acid, it deposits needle-like crystals having the composition 
This substance, which is called the hydrate of tetrethylium^ is exactly 
similar in properties to the hydrates of potash and soda j it is deliques¬ 
cent, absorbs carbonic acid eagerly from the sir, is exceedingly alkaline 
and caustic, expels ammonia from its salte, foigns soap with the fats, and 
behaves in every respect like the hydrate of a fixed alkali. Its taste is 
very hitter as well im alkaline. 

* Just as ethyiamine ia ebtuned by the action of hydrate of pota^ upon cyanic ettier, eo 
.tiietbyhauine U formed when ethylate of potash (potaaaium-alcohol) acts upon cyanic ^her~ 

„ , ECEO h 2(KEO) = EE, + K,O.CO,. 
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It is abviously not an ammonia, but is composed after the type of 
caustic potash (KHO), and contemns, in place of the potassium, the 
hypothetical radical tetrethyHum, hr(C4Hj)4, or ammonium (NH^) in which 
the four atoms of hydrogen have been displaced by ethyle. 

The action of oxide of silver upon the iodide of tetrethylium is now 
intelligible— 

2NE4I + Ag ,0 + HjO = 2NE4HO + 2 AgI. • 

Iodide of Hydrate of 

tetrethylium. tetreOiyliom. 

The new alkali is easily decomposed ; even at a temperature below the 
boiling point of water, it is resolved into triethylamine, olefiant gas, and 
water— 


N(C,H,),HO = 4. C,H 4 + H, 0 . 

Triethylamine. 

It will be remembered that the solution of ammonia in water may be 
regarded as containing the hydrate of ammonium, for— 

NH, + H.p = NH4HO 

which latter would be the true type of the hydrate of tetrethylium; 
but so great is the want of stability in this case, that all attempts to 
isolate the hydrate of ammonium have resulted in the production of 
ammonia and water. 

Like potash, the oxide of tetrethylium is capable of forming salts with 
the oxygen-acids without the intervention of a molecule of water, thus— 

Sulphate of potash, . . . K3O.SO3 

Sulphate of oxide of tetrethylium, (HEjp.SOj. 

It would naturally be expected that by the action of the iodides of 
other alcohol radicals upon ammonia, compounds should be obtained 
corresponding to those belonging to the ethyle series; thus we have— 


Methylamine,* 

Ethylamine, 

Amylamine, 

Dimethylamine, 

Diethylamine, 


{Type; 

NH2.CH, 

nh,.cA 

NH,.C4Hu 

NH.(CH 8 )s 


ammonia KH 3 ). 

Diamylamine, NH.(CjHjj)a 
Trimethylamine, N(CH 3)8 
Triethylamine, ^(CoHjys 
Triamylamine,t N(C 5 Hii )8 


{Type ; imaginary hydrate of ammonium, NH4HO.) 


Hydrate of— 


Tetramethylium, N(CH 3)4 HO 
Tetrethylium, N{C 3 Hj )4 HO 
Tetramylium, N(C 6 Hu) 4 HO 


But evenJiere, the ehaticity of the types and the replacing power of 
the alcohol-radicals are not exhausted. 

If methylamine (NH^.Me) be acted upon by iodide of ethyle, the 
hydiiodate of methyl-eihylamim is formed— 




NH,.Me + 

lletbyUuai&e. 


El = NHMeE.HI 

lodtde of Hydrlodate of methyl- 
eUiyle. ethyUnnlne. 


• Methylamine, which is a gas at the ordinary tfmperatuie, is far more soluble in water 
than any other gas { water dissolves 1150 volumes of methylamine, the solution exactly 
resembling that of ammonia. 

t Eventhe hypothetical hydrocarbon cetyle (C,gH,a), the r^cal af ethal, has been sub- 
stitnted for the nitrogen in ammonia. The base trvsetyla/mine., N(GmHm)w which is thus 
formed, contains only 2 per c«at. of nitrogen. 
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and by diatilling this with potash, the methyl-ethylamine, much resem- 
hling the other ammonia bases, is obtained. 

Again, on subjecting this base to the action of iodide of amyle, and 
diRtilling the product with potash, a new ammonia base is procured, iu 
which ^ three atoms of hydrogen are replaced by different radicals; 
this base is called methyl-ethyl-amylamine, and its composition is repre¬ 
sented by the formula N(CH^) (C^Hg) (CgHu) = NMeEAyl. 

If we had started with aniline (phenylamine, NH^-CgHg) in the above 
experiment, treatment with iodide of methyle would have furnished 
methyl-aniline or methyl-phenylamine, NH.CgHj.Cn3; and by treating 
this with iodide of ethyle, we should obtain ethyl-methyl-phenylamine, 
NCgHj.CH3.C3Hj j the action of iodide of amyle upon this last ammonia 
would give the iodide of methyl ethyl-amylo-phenylium, and on decompos¬ 
ing this with oxide of silver there would be obtained the hydrate of 
methylethyl-amylo-phenyl-ammouium— 

NCCHj) (CjHj) (CjH,,) (CgHj)HO 


a base formed upon the hypothetical type of hydrate of ammonium, in 
which each of the four atoms of hydrogen is replaced by a dillerent 
radicaL 

This complex substance affords an excellent example of the difference 
between an empirical and a rational formula j its empirical formula, 
CjjHjjNO, which simply shows the result of its ultimate analysis, teaches 
nothing with respect to its constitution, which is at once clear when the 
rational formula as above written is placed before us. 

Phenylamine, NHs(CgH 5 ), is found among the products of the destructive dis¬ 
tillation of rosaniline (p. 462), whilst ethyl-rosaniline (aniline-violet) yields etfiyl- 
phenylamine or ethyl-aniline, NH(Cgllg) (GjHj), and phenyl-rosaniline {aniline blue) 
yields di-phenylaminc or phenyl-aniline, NH{CgHj)j. 

Diphenylamine has also been obtained by digesting hydrochlorate of aniline with 
free aniline at a high temperature, when hydrochlorate of diphenylamine is obtained, 
which is decomposed by a larj^o excess of warm water, the diphenylamine rising to 
the surface as an oil which solidities on cooling. The change may be expressed by 
the following equation :— 


NH3(CeH,).HCl + NHjCCgHj) = NH(CgIIj)3.HCl 
Hydrochlorote of anUlne. AnUinc. “iJnSSof 




Ditoluylcmine, NH(C 7 H 7 ) 3 , may he procured in a similar way by digesting hydro¬ 
chlorate of toluidine with toluidine. 

Phmyl-toluylamine, NH(CgHj) (C^H^), is formed by the action of aniline on hydro¬ 
chlorate of toluidine, or by that of toluidine on hydrochlorate of aniline. 

Under the action of nitric acid, di-phenylamine gives nse to di-uitro-diphenyla- 
mine, IIH[CeH 4 (N 02 )] 2 , in which the same type is preserved, though nitric peroxide 
(NOj) is substituted for one-fifth of the hydrogen in the phenyle. , 

Wnen treated with chloride of henzoyle (C^HjO.Cl), diphenylamine yields diphenyl* 
benzoylamine, N(CjH 5 ) 3 (C 7 H 50 ). 

It will be observed that certain of these bases derived from the alcohols 
have the same empirical formulae as those derived from coal-tar and other 
sources, with which, however, they are by no means identicaC Thus, tolui¬ 
dine (C,HgN) has the same composition as methjfl-aniline (NH.CgH5.CHj); 
hut the formeir is a crystalline solid, and the latter an oily liquid. Again, 
when iodide of ethyle acts iljpon toluidine, an atom of hydrogen is 
displaced by ethyle, and eihylo-toluidim is obtained. The composition 
^ of this base, C,EL(C.H5)N, ia the same as that of methyl-ethyl-aniline, 
N(CH,) ((^ig < and as that of caimjdine (C,H„N); but in their 
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chemical pToperties these bodies exhibit such a diffeience as would be 
expected from the difference in their ccynMitution. 

385. Investigation of the eonstitutim of the aZAaZowis.—It will be evi¬ 
dent that the principles developed in the experiments just described may 
be applied in investigating the constitution of the bases extracted &om 
plants. Let it be supposed that ethylamine (CjH^) was a vegetable 
alkali of unknown constitution; when it was found that by the actioa of 
iodide of ethyle two out of the seven atoms of hydrogen could be dis¬ 
placed, it woirid be at once inferred that these two atoms occupied a very 
different position from the other five, and that the constitution of the 
compound would be more properly expressed by writing the formula 
CgHj.HjN. On applying the same principle to the examination of the 
natural alkaloid coniine (CgHjjN), it was found possible, by the action of 
iodide of methyle, to remove only one atom of the hydrogen, so that the 
formula C8H.^.HN would more correctly represent the constitution of 
coniine, which might be then regarded as ammonia in which two atoms 
of the hydrogen have been displaced by the group CgHn, or in which 
each of these atoms has been displaced by the group C^Hj. 

If wo were acquainted with an iodide of this group, we have every 
reason to expect that its action upon ammonia would lead us to the arti¬ 
ficial formation of coniine.* 

Nicotine, morphine, and codeine will not part with any of their hydro¬ 
gen under the action of iodide of ethyle, and must therefore be placed 
upon the same footing as triethylamine, N(CjH 5 )g, in which all three 
atoms of hydrogen are already replaced. Upon thiis view they would be 
represented thus— 

Nicotine, N(CgH,)"' 

Morphine, N(C„HigOg)"' 

Codeine, N(C,gng, 03 )'". 

The mark ('") signifying that the groups are triatoinie, or have the same 
replacing value as tlxree atoms of hydrogen. When these bases are acted 
upon by the iodides of alcohol-radicals, there are formed, as would be 
expected, iodides upon the typo NHJ, from which may be obtained fixed 
alkalies resembling the hydrate of tetrethylium. Thus we have the 
hydrates 

Methyl morphyl-ammonium, N(C„H.„ 03 )'"(CH 3 )H 0 
Ethyl-codyl-ammonium, N (C,BHsj,0.,y'^(CgH5)H0 

Ethyl-nicotyl-ammonium, 

386. Poly-ammonias .—In speculating upon the constitution of the 
vegetable l>asc8, it must not be forgotten that some of them contain 
two atoms bf nitrogen; this is the case, for example, with cinchonine 
(C.^Hj 4 NjO), quinine (Cj„I£g,NjOJ, and strychnine (CgjHggNgOjj). If the 
whole of the nitrogen in these bases be due to the ammouia type, they 
must be conmosed after the type of a double atom of ammonia, N^Hg. In 
the case of swychnine, it is found that the action of iodide of ethyle fails 
to remove any portion of the hydrogen, so that if the base be really com¬ 
posed after the ammonia typo, it must be represented by two atoms- of 
ammonia (NgH*), in which the whole ofHhe hydrogen ha^ been displaced 

* The group C.H, is often assumed as the radical of butyric acid and it is at 

least a curious comcideuce, that when acted upon by nitric acid, coniine actually yields 
butyric acid. 
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T[>y tlie group (Cj,H-Oj), whea its .formula would the 

replacing ^up in tail case being hfmitovmc, or equivalent to six atoms 
of hydrogen. That it is by no means necessary for each atom of hydrogen 
to bie displaced by a single group or radical, is seen in a great many organic 
compounds; thus, in chloroform (CH)Clj, we have the triatomic group 
CH (commonly called fonnyle) occupying the position of three atoms of 
hydrogen which would be required to combine with the three atoms of 
chlorine; a^in, in Dutch liquid, (C,H,)Clj, we have the diatomic group 
CjH^ (ethylene) occupying the place of two atoms of hydrogen. 

If the view above explained with respect to the constitution of some of 
the natural alkaloids be correct, it ought to be possible to form artificially 
a base in which two or three atoms of hydrogen have been displaced by 
means of a diatomic or triatomic radical. 


387 . Diamines, —^When olefiant gas or ethylene, CgH^ is brought in 
contact with bromine, the compound CgH^Brj, corresponding to Dutch 
liquid (CgHiClj), is obtained, and from the action of ammonia upon this 
hihromide of ethylene, there is derived a new alkaline base, having the 
composition or two molecules of ammonia (NjHg), in which 

the diatomic ethylene replaces two atoms of hydrogen. Such bases, formed 
upon the double ammonia type, are called diamines, whilst those which 
correspond to a single molecule of ammonia are Called monamines. The 
base above mentioned is named ethyJme-diamine. The diamines, like the 
double atom of ammonia from which they are derived, are capable of 
combining with two molecules of hydrochloric or any similar acid, which 
is implied by stating that they are diacid. 

When Dutch liquid {bichloride of ethylene, (C*H 4 )"Clj), is heated to 300*F. with strong 
ammonia in a sealed tube, an action takes place corresponding to that of a double 
molecule of hydrochloric acid (HjClg) upon a double molecule of ammonia (NjHg), 
which would give rise to a double molecule of hydrochlorate of ammonia (NgHB-HgCL); 
in the product of the action of Dutch liquid upon ammonia (N 3 H 4 (C„H 4 )g"Clg), tne 
places of four atoms of hydrogen are occupied by two molecules of the diatomic 
(CgH 4 ). But here the corre8])Oiidence ceases, for whilst the hydrochlorate of ammonia, 
when decomposed with oxide of silver, would yield ammonia and chloride of silver, 
the new compound, when thus treated, yields a fixed alkaline Imsc, resembling caustic 
potash, and having the composition NgH 4 (CgH 4 ) 8 ". HgO., which represents a double 
molecule of the hypothetical hydrate of ammonium 2 (NIi 4 HO), in which four atoms of 
hydrogen have been displaced by two molecules of the diatomic ethylene. The name 
hydre^ of dufhylenediMmnumivm expresses the composiiL" of this substance, 
which is remarkable for its stability, a temperature above 300° F. being required to 
effect its decomposition, wlmn it furnishes a volatile alkali, having the composition 
NgHg((kH 4 )g", and called diethylene-diamine, being evidently formed from a double 
molecule of ammonia, in which four atoms of hydrogen are replaced by two of tlia. 
diatomic ethylene. Its production may be explained by the equation— 

NgH4(CgH4)g"H,Og = KgHg(CgH4)g" + 2H,0. 


By acting upon the new ammonia with iodide of ethyle (CgHgl), the two atoms 
of hydrogen may be displaced- by etliyle, yielding dieUiyl’dietltylene-diamine, 
N'g{OgH 5 )g(C«H 4 )g , or a double molecule of ammonia (HgHg), in which Hj are replaced 
by two 'of ethyle, and by two of ethylene. 

^ By treating phenylamme (aniline), NH.(0.Hg), with bichloride of e^ylene (Dutch 
liquid), the diphmyl-dietJiylme-diamine, ;Nj|(CjHj) 8 (CgH 4 )g", is obtained, which repre* 
sents a doable molecule of ammonia (NgHg), in whiofl Hg are replaced by two of 
phenyle, and H 4 by two of etMene. By Ihe action of chloroform upon aniline, 
formyJrdnphenyl-djamim, Ng(CH)'”(QHj)gH, Jhas been obtained, in which Hj are 
replaced by the tiiatomic fonnyle (CH), and H, by phenyle. 

It has been seen that phenylamine is produced by the deoxidising action of ferrous 
^etatei upon nitrbbenzole (CgH 5 .irOg), When di-nitrobenzole is treated in a similar 
way, phmybm-^iamim,, is obtained, which is evidently derived from a. 
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doable molecale of ammonia, in wMch H. are replaced by the diatomic gronp 
lew (C«HA vhich bears the same relatmn to phenyle (OgHg) as e&ylene (CgH^) 
bears to ethyle (C,Hs). By treating di>mtrotola(ue and di-nitrocumole with ierroas 
acetate, tolylene-aiamine and eumylme-diomine are obtained, which are diammonias, 
in whidi are replaced by the diatomic radicals tolylenc and ewmylem 

(CgHjo)"> ’l^ese three diamines are called the aromatic diamines, ^ce the diatomic 
groups phenylene, tolylene, and cumylene are closely connected, throngh benzole 
(CgUe), toluole (C^Hg), and cumole (CgHj.), with the aromatic aei^, benzoic 
(C^gOj), tolnic (CgHgOj), and cuminic (OioHuOs). * 

Taraniline is obtained as a secondary product in the manufacture of 

aniline, with wmch it is polymeric. Its properties are very different from those of 
aniline, for it is solid at tne ordinary temperature, forming silky needles which melt 
when heated, and boil beyond the range of the thermometer, distillii^ unchangecL 
It combines with acids, forming beautiful crystalline salts, the study of^hich proves 
it to be a diamine. 

388. Triamirm ,—The triaminea are formed upon the type of a treble 
molecule of ammonia (HTgllj), in. which the hydrogen is replaced either 
entirely or in part by other radicals. Thus, iUethylene-triarnine, 
and triethylene4ricmme, are obtained by 

the action of bi-bromide of ethylene (CgH^Brj) upon ammonia. They 
are powerfully alkaline liquids, which are capable of absorbing carbonic 
acid from the air. The triamines are generally capable of forming three 
classes of salts, the monacid, diacid, and triacid salts, containing respect¬ 
ively one, two, and three equivalents of acid. 

Di-ethylene-di-ethyl-ti-iaroine, !N' 3 H 3 (CjH 4 )j"(C 2 H 5 >j, is produced by the joint action 
of ethylamine and ammonia upon bibromide of ethylene— 

2[(C3H4)"Bra] + SNHgCOsHj) + NH3 = 

N3Ha(C3H4),"(C3H3)3.3HBr + NHgCCgHgl.HBr. 

« 

It forms splendidly crystallised salts, and is evidently derived from three molecnl^ 
of ammonia (N 3 H 3 ), by the substitution of two molecules of ethylene ( 03114 ) 3 " for H 4 , 
and of ethyle (CjHgls for Hg. 

Carhotriamine (guanidine), NgHjC*^, is a treble molecule of ammonia, in which 
four atom.s of hydrogen are replaced by one atom of tetratomic carbon. It is formed 
by heating ammonia with subcarbonato (ortbocai-bonate) of ethyle in a sealed tube to 
about 300" F. 

2(CjHb)30.C03 + 3NH3 + H3O = N3HBC.H3O + 4 (C,H 5 H 0 ). 

The change is more clearly explained by representing the subcarbonate of ethyle as 
formed upon the type of four molecnles of water (HgOg) in which H 4 are replaced by 
(CjH 5 ) 4 , and the remaining H 4 by C*^ 

j O 4 + SNIIg + HgO = NsHgC'MlgO + j 

Snbcarbonate.of ethyle. Quanldlne. 4 mole, alcohol. 


Guanidine may also be obtained by heating chloropicrine in a sealed tube, with 
an alcoholic solution of ammonia, to 212° F., when the following reaction ensues— 


2 CCl 3 fN 03 ) 

Chloropicrine. 


eNHg = 2(N3H3C.HC1) 

Ilydrochlorate of 
guanidine. 


+ 4HC1 -1- NgOj + HgO. 


It will he remembered that the subcarbonate of ethyle itself is obtained by the 
action of sodium upon an alcoholic solution of chloropicrine (p. 516). . 

MelanUine, CigHigNg, a crystalline base, produced by the action of cltloride of 
cyanogen upon aniline, may be regarded as diplienyl-yuanidim, NgH 8 (CgH 5 ),C, or 
gnanidine in which two of plfenyle have replaced two of hydrogen. 

The beautiful aniline dyes appear to be salts of certain trialnines formed by the 
replacement of the hydrogen in a treble molecule of ammonia by hydrocarbon 
radicals. 

According to Hofmann, rosaniline, the base of the aniline red produced by the 
aetion of oxidising agents upon aniline containing tolnidine, is possibly j^nylme- 
ditolyhm-triamine, N 8 (C,H^"(CyHg),"H,.H, 0 , the phenylene being derived from the 
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Bsiliiie, NH«(0eH5), and the tolylene from the toluidine, NH£(CVH7). Aniline bine, 
formed by the acuon of aniline upon anilme red, would be phmyUiii-ditolylme- 
tHphmyUtriamine, Nj(C,H 4 )"(C 7 He)."(CjH 5 )..HaO, having been formed from rosani* 
line by the substitatiou of three or phenyfe for Ha- Aniline violet, the result of 
the action of iodide of ethyle upon rosaniline, would be phenylme-ditolyletie triethyt- 
triamme, N’3(CgH4)''(C7Hg)a"(C^g)8.HjO, or rosaniline containing three of ethyle 
in place of H3. 

The fyridlUoride of dMylene^namnwnium, N 8 (CaH 4 )j"Hg.Cl 8 , has also been ob¬ 
tained. 


389. Tetramines are formed upon tho type of four molecules of am¬ 
monia, and therefore contain four atoms of nitrogen, and are able to 
combine with four atoms of a hydrogen acid. Thus, if bibromide of 
ethylene be allowed to act upon ethylene-diamine in the presence of 
hydrobromic acid, tho hydrobromate of triethylene-tetramine is obtained— 


-h 2N,(C,H4)"H4 -t- 2nBr = N4(C,H4)/H8.4HBr. 

BlbroniWeof Ethylene-aiainine. Hydrobromate of 

ethylene. vuuuuxv, triethyleiic-tetramlno. 


and if this be decomposed "with oxide of silver, a strongly alkaline solu¬ 
tion is obtained, which contains triethylene-tetramine, or 

a quadruple molecule of ammonia (N^Hu), in which half the hyt^ogen is 
replaced by throe of diatomic ethylene. 


By acting on OgH^Br^ with ethylamine, a salt is obtained, having the composition 
N4(t^l^)5"(CjHB)4H3.Br4, representing four molecules of bromiu^o of ammonium 
(]S4lfigBr4), in which ILo are replaced by 6(C3H4)", and H4 by (C2Hg)4. From this 
bromide a ^itrongly alkaline Itase, the hydrate of pnnleUii/lmie-tetrclhyl-tetr-amrnmiiuin. 
[N4(CgH4)B"(C._jUB)4H2]H404 is obtained, which is formed upon the type of four mole¬ 
cules of the imaginary hydrate of ammonium (NH4H()). 

The action of iodide of ethyle (CsIIjJ) upon this base replaces each of tho re¬ 
maining atoms of hydrogen by ethyle, yielding [ir4((l3ll4)5"(C3ir5)jH]ll404 and 

[N’ 4 ( 0 jH 4 )."(CjjH|,)g]ll 404 . 

When diethylainiue (NHfCjHjlg) acts on bibromide of ethylene, the bromide of 
tn-ethylme-octethyl-tetramnwnium, lf4((^jn4)3"((Jgll5)8H„.Br., is obtained, which also 
furnishes a powerfully alkaline base [N4{CjjH4)3"(U2HB)8li5j]H4()4. 

390. We are not entirely dependent upon purely artificial processes 
for the ammonia bases containing alcohol-radicals. Many processes of 
putrefaction furnish certain of these bases which had hitherto been over¬ 
looked in consequence of their resemblance to ammonia. Thus, putre¬ 
fying flour yields ethylamine, trimethylamine, and ainylaniine; trimethyl- 
amine is also found in the xoe of herrings, as also in putrefied urine and 
in the cJienopodium vnloarkt; it may also be obtained by distilling ergot 
of rye with potash. Methylamiuo, ethylamine, fropylaminc (NJTjj.GgH,), 
butylamine (NH..C 4 II 3 ), or petinine, and amylamine, are found among 
the products of the destnictive distillation of bones. 


391. Ammonias and ammonium bases containing phosphorus^ arsenic, 
and antimony .—It might he expected that the ammonia type was not 
susceptible of any further modifications, but it has been found that even 
the nitrogen of that type may he represented by other elements which are 
chemically l^elated to it. 

Antimony, arsenic, and phosphorus, it will he remembered, all form 
compounds with three atoms of hydrogen, Sblig, AsHa, and PHj, which 
may be regarded as formed upon the ammonia type. Neither of these 
substances, however, possesses any alkaline character, the last alone being 
^ capable of combming with certain acids (hydrobromic and hydriodic). 

Mention, has alr^y been made of the circumstance that compounds 
corr^pondiBg to antimouietted, arsenietted, and phosphuietted hydrogen 
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may be obtained, in which the place of the hydrogen is occupied by ceiv 
tain alcohol-iadicalB > but in these cases the %diogen does not admit of 
partial replacement, only those compounds which correspond to triethyl- 
amine and trimethylamine haying been obtained. 

TriethyldiMiie, Sb(CgHj)3, and triethylarsiiMy As(CjHg)j, have already 
been noticed amongst another class of bodies to whicn they seem properly 
to belong, since they are not capable of forming salts corresponding to 
those of ammonia (see p. 528 ). 

With triethylpTiosphine, however, the case is different; this substance, 
P(CjjHb) 3, is a true ammonia, capable of forming salts with the acids, like 
ethylamine, although exhibiting, unlike that body, a very powerful ten¬ 
dency to combine directly with an atom of oxygen or sulphur, to form 
compounds resembling those of the arsenic and antimony series (see 
p. 528 ), and formed upon the type of phosphoric cliloride (PClj). Thus 
we have— 

Oxide of triethylphosphine, PE3O 

Sulphide, .... PEjjS 

and the corresponding compounds containing mothylo. 

Triethylphosphine is obtained by the action of terchloride of phos¬ 
phorus upon zinc-ethyle, 2 PClj, + ^ SPE^ ■+■ 3 ZnClj. It is a 

volatile liquid of a very peculiar powerful odour, the vapour of which, 
when mixed with oxygen, explodes with great violence at a temperature 
far below 212°. 

Uy acting upon triethylstibine, or stibio-triethylc, with iodide of ethyle, 
an iodide is obtained which, when decomposed by oxide of silver, yields 
the hydrate of tetrethylstibonium (SbE^HO), formed after the type of 
hydrate of ammonium (jN^H^HO). 

In a similar manner there are obtained the hydrates of tetrethyl- 
arsonium (AsE^HO) and tetrethylphosphonium (PE^HO), and their 
corresponding methyle compounds. 

These substances are precisely similar in properties to the hydrate 
of tetrethylium, being powerfully caustic alkalies bearing a close resem¬ 
blance to caustic potash. 

A very remarkable base has also been obtained, composed after the type 
of a double molecule of the imaginary hydrate of ammonium (NjH JljOg), 
in which one atom of nitrogen has been replaced by phosphorus, and the 
other by arsenic, whilst, of the hydrogen, two atoms ai’o replaced by the 
diatomic radical ethylene and the remainder by ethyle. This 

base has been styled the hydrate of ethylene-hexethyle-diphospbarsonium, 
and its formula is— 

PAs(C3H,)7C3Hg),HA- 

• 

This base edinbines with two molecules of acids to form salts, and behaves 
in every respect as a double molecule of caustic potash would do. 

By acting upon triethylphosphine with chloroform (CHClj), contain¬ 
ing the triatomic radical formyle (CH)"', a chloride has been obtained 
which is conTposed upon the type of three molecules of chloride of am¬ 
monium (ShlHgCl = NsHijCy, in which one-fourth of the hydrogen 
is replaced by formyle and the rest by ethyle; the composition of Siis 
chloride is therefore (Pj(CH)""(C4Hg)BCL,); from this compound various 
salts have been obtained containing the corresponding oxide, combined 
with three molecules of the acids, but the hydrate itself has not been 
obtained. 
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3P(CA), + (CH)-Cl3 ^ P,(CH)^'(C,H,),C1 . 

IWchlortdeof fonnyj-noaethyl. 


THathjrlpboqihliie. CblDFoform. 


triphospbonlam. 


592. The insight into the constitution of the bases derived from ammoma, which 
has been acquit^ in the researches detailed above, has induced chemists to endeavour 
to ap^y the same principles to certain inorganic bases derived from ammonia by the 
action of metallic iwts. 

Thus, by the action of (proto) chloride of platinum uran ammonia (see p. 392), 
a compound is obtained which may be regarded as simxdy PtCl,(NH 3 )t, but when 
this is treated with oxide of silver, the Cl is removed in the form of chloride of 
silver, and a caustic alkaline base is semrated, which has the formula PtO.CNHs),, 
or ratner, viewed upon the type of oxide of ammonium, N,HgPtO oxide of platam* 
moninm. 

By employing ethylamine instead of ammonia there would bo obtained 
hTgU.EjPtD oxide of ethyloplatammonium. 

When the compound PtCr,(NHg)g (or rather KjHgPt.Clg chloride of platammonium) 
is again treated with ammonia, it yields !NgHgPt.Cj 2 (NHa)s, and when this is decom¬ 
posed with oxide of silver, another caustic alkali is obtained, having the composition 
X7,HgPt(NHg)3H,0^ which may be r^arded as NgH 4 Pt(NH 4 ) 5 HjO« the hydrate of 
platammon-ammoniura (hydrate of dmlatosamine); it would then become a double 
molecule of hydrate of ammonium (KH 4 HO), in which two atoms of hydrogen are 
replaced by platinum and two by ammonium. 

very remarkable and beautiful crystalline compounds have also been obtained, 
which are formed after the t 3 rpe of chloride of platammonium, but contain either 
phosphorus, antimony, or arsenic, in place of nitrogen, and ethyle in place of 
hydrogen; these are— 


Chloride of plalo4ruthyl-diph}sj)Twmum, 
„ „ arsonium, 

„ „ stibonium. 


P* Pt(C3H3)g.Cl3 
As3Pt(C3H4)g.Cl, 
Sb3pt(CjHB)6.Cl3 


Corresponding salts have also been obtained containing gold in the place of 
platinum, and forming beautiful colourless crystals. 


In some bases, chlorine, bromine, and even nitric peroxide (NOj) have 
been introduced in the place of hydrogen into the alcohol-radical, but in 
all these cases the basic energy is diminished by such substitution, and in 
some altogether destroyed. 

Thus, in the aniline (phenylamine) series, we have— 


Chloraniline, 

Dichloi'aniline, 

Trichlorauiliuc, 

Nitraniline, 

Dinitraniline, 


NH,(CeH 4 Cl), weak base. 
NH 2 (CgHgCl 3 ), weaker base. 
NH 3 {CgHjCl 3 ), neutral. 
llTH 3 [CgH 4 (NOj)], weak base. 
NHj[CgH 8 (N 02 )jl neutral. 


393. Amides .—^When oxalate of ammonia (NHJ^CjOg is subjected 
to distillation, a white, crystalline sparingly soluble substwee is obtained, 
which has been named oxaniide, and is represented by the formula 
(!NH,),C 302 . This substance is derived from the ammonia-salt by the loss 
of 2 molecules of water— 


(NH4)2C,04 - 2 H 2 O » (NHJAO. 


and its dose relationship to oxalate of ammonia is shown by the circum¬ 
stance that it is reconverted into that salt, if heated with water in a 
sealed tube to 436° F., or by simply boiling ii with water to which a 
little acid or alkali has been added. 

Oxmnide is more readily prepared by decomposing oxalic ether with 
■ammonia, when it is obtained as a white crystalline precipitate— 


-t- 2NH, « 2C,H,HO - 1 - 

ittmit ether. Alcohol Oxamlde. 
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If one of the compound ammonias, such as ethylamine and aniline, he 
employed instead of ammonia, ethlyoxamide and oxanilide are produced— 

(C,H,)AO, + 2(NHrC,H«) = 2C,H.HO + <NH.C,H,),C.O., 

Oxalic ctber. sthylamine. Sthylcumide. 

(C,H,),C,0, + 2(NH..C«H,) = 2C,H,HO + (NH.CA)AO.. 

AoiUne. OxantUde. 


Oxamide is the representative of a large class of bodies, known as the 
amides, which may be defined as substances capable of being converted, 
by the assimilation of the elements of water, into the ammonia-salts from 
which they are derived. 

Some other interesting members of this class are here enumerated, 
together with the corresponding ammonia-salts— 


Formamide, , . . NKj-CHO 

Acetamide, . . . NH,.CgHjO 
Butyramide, . , . NH8.C4H7O 
Benzamide, . . , NHs-CVHgO 


Fonniate of ammonia, (NH4).CH02 
Acetate, .... (NH4).C2HgO, 
Batyrate, .... (NH4).C4H70j 
Benzoate.(NH4).C7H,Og 


It is evident that these amides may be regarded as derived from ammonia 
by the substitution of a compound group for one of the three atoms of 
hydrogen. 

When binoxalate of ammonia (NH 4 HC, 04 ) is distilled, at a moderate 
heat, a solid acid substance is left in the retort, which is known as oxamie 
acid, NHj.HCaO,, and forms soluble crystallisable salts with Mme and 
baryta, both which bases yield insoluble salts with oxalic acid. 

When the solution of oxamie acid in water is boiled, it is reconverted 
into the binoxalate of ammonia— 


NH,HC.,Og + H,0 = NH4.HCg04. 

Oxaniic acid. Binoxalate of ammonia. 

Oxamie acid is the representative of a limited class of acids formed in a 
similar manner. 


394. Nitriles .—When oxalate of ammonia is mixed with anhydrous 
phosphoric acid and distilled, it loses 4 molecules of water, leaving 
cyanogen (NH 4 ),C „04 - 4HjO = 2CK 

In a similar manner, benzoate of ammonia yields henzonitrile — 

NH4C7H,Og - 2HgO = CyHgU. 

Benzoate of ammonia. Benzonltrilo. 

The new compound is an oil which has a powerful odour of bitter almonds, 
and is reconverted into benzoate of ammonia by boiling with dilute acids 
or alkalies. 

The term nitrile is applied to all similar substances which are derived 
from ammohiacal salts by the loss of 2 molecules of water, and are capable 
of reconversion into those salts. It will be remembered that many of 
these nitriles are identical with the cyanides of the alcohol-radicals. 

Oxalonitrile, KC = Cy, cyanogen. 

Formonitrile, NCH = HCy, hydrocyanic acid. 

Acetonitrile, NCgH, = CH,.CN, cyanide of methyle. 

Propionitrile, NC^Hj = CjHj.CN „ ethyle. 

Benzonitrile, =* CgHg.CN „ phenyle. 

A by no means numerous class of substances, frequently spoken of as 
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the imidea,* are obtained by tbe action of heat upon the acid ammonia 
salts of certain bibasic acids, by the loss of two molecules of water, thus— 

NH,HC,oH„0, - 2H,0 = NH.C,oH,A- 

BiCKmpboratoofanunonla. Campliorlmide. 

895 . If the amides be regarded as immediately derived from ammonia by substi¬ 
tution, their want of alktdine properties must be ascribed to the introduction of an 
electro-negative radical in place of the hydrogen. 

TOus, if oxalic acid be regarded as Ha(Cj02)05, then oxamide may be viewed as a 
double moloculo of ammonia, in which two atoms of hydrogen have been displaced 

by (CA); 

Again, if benzoic acid and salicylic acid, respectively, be regarded as (CyHjOlHO 
and (C7 HbOj)HO, then their amides would be represented as— 

IJeuzamide, N j 

SaUcylamide, N j 

and it should be possible to procure them from ammonia by processes similar to 
that which famishes ethylamine, &c. It is found that when chloride of benzoyle is 
heated with ammonia, benzamide is really produced— 


CyHjO.Cl + 2 NH 8 = NHs-CyHsO + NH^Cl. 

Chloride of Benzamide. 

Imuzorlo. 

But we ought also to be able to carry tho substitution farther by displacing the 
remaining hydrogen; accordingly, when benzamide and salirylamide are heated 
together, ammonia is disengaged, and benzoyl-salicylamide obtained— 


N 


C^HsO 

H 

H 


Benzamide. 


+ 


(CVH A 

i n 


= N 


fVAO 

+ NHg. 
H 


Salicylamidc. Benzoyl-ooUcylamlile. 


Amides have even been obtained in which the three atoms of hydrogen in 
ammonia are displaced by difTerent radicals. 

It is evident that the imides might be regarded ns ammonias in which two atoms 
of hydrogen have been replaced by a diatomic radical, thus— 

Camphorimide, N | 

and the nitriles, as ammonias in which all the hydrogen has been replaced by a 
triatomic radical, but experimental evidence is scarcely in favour of these views. 

If the amides he really derivatives fron^ ammonia, it would be expected that 
similar bodies should be derived from phosphuretted hydrogen (PHg). An example 
of ftese is furnished hytdribenzoyl-pho^Jiide, P(C7H5(.))j, which is obtained by the 
action of chloride of benzoyle upon phosphuretted hy^ogen. 

PHg -b SAHbO.CI) = PAHeO)^ + 8HC1. 

Chloride of Trlbenzoyl- 

benzoyle. phosphide. 


396. Metal-amides. —The possibility of substituting metals for the 
hydrogen in ammonia has only recently been fully established, though it 
hfid long been known that when potassium and sodium were heated in 
gaseous ammonia, hydrogen was evolved, and potaammide and aodamide 
were produced— 

NH, + K = mi,K + R. 

When potassamide is heated, ammonia is evol'.’’ed, and iripofaaaamide 
(NKg) produced— 

= NK, + 2NH,. 

^ * This designation was origmally em ploy ed upon the supposition that these bodies con- 
the imaginaiw radical imidog^ xm; and, in a simUar manner, the amides were 
auppoaed to coiMialii omidogen, Nrii, 
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If ammoniaeal gas be passed into an ethereal solution of zinc-ethyle, 
hydride of ethyle is evolved, and a white amorphous precipitate of 
zinca/inide separates— 

2 NH, + (C,H,),Zn = (NH,)/n + 2(C,H,.H). 

Zlnc-etbyle. Zincamida 

When zincamide is brought in contact with water, it is decomposed iHth 
evolution of heat, yielding hydrated oxide of zinc and ammonia— 

(NH,),Zn + 2 HgO = 2 NH 3 + ZnO.HjO. 

The decomposing action of zinc-ethyle upon the bases derived from 
ammonia is parallel with that upon ammonia itself. Thus, with 
aniline— 


2(NH3.CA) + (CA)3Zn = + 2(C3H3H). 

Aniline. Zlne-ethyle. Zlnc-phenylimido. Hy^de of ethyle. 

Wlien the zinc-phenylimide is treated with water, of course aniline is re¬ 
produced. 

When diothylamine is heated with zinc-ethyle— 

2N(CA)3H + (C^lUZn = 

Diethyl'unine. Dictbylzincamlna 

When zincamide is heated above 400“ F., it is decomposed into ammo¬ 
nia and nitride of zinc (N^Zug), which represents ammonia, in which the 
throe atoms of hydrogen are replaced by zinc— 


3(NEg,Zn = NgZn, -f. 4Nn3. 


Zincamide. 


Nitride of 
zinc. 


The nitride of zinc is a grey powder, which is unaffected by a red heat if 
air be excluded. If it be moistened with water, it becomes red hot, 
being decomposed with groat violence, according to the equation— 

NgZUg -I- GHgO = 2OT3 +• 3(Zn0.n,0), 

It might be anticipated that if the amides be truly formed after the 
ammonia-type, they should behave towards zinc-ethyle in the same manner 
as ammonia and aniline. 

By heating oxamide with zinc-ethyle, two of its atoms of hydrogen may 
be replaced % zinc— 

+ Zii(CA)z = NAZn.C,0, + 2(CA.H). 

Oxamide. Zinc-oximide. 

In a similar manner, acetamide (NHj.CjjH 30 ) is converted into zinc- 
acetimide ]NjHj,Zn(Cj,H 30 )j. These bodies are reconverted into their cor¬ 
responding amides and oxide of zinc, when treated with water. 


Derivatives op the Alcohols. 

« 

397. Chloroform .—Among the useful substances prepared from members 
of the alcohol series, diloroform (CHCI 3 ) occupies a prominent position. 

It is prepared by distilling 1 part of alcohol with 6 parts of chloride 
of and 24 parts of water, until about IJ part has passed overi 
the distilled liquid, consisting chiefly of water and chlorofonu, s^arates 
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iato two Ujero, tlie heavier beis^ dibroform (ep. gr. 1’6). The u|^r 
aqt^UB layer living been drawn oflf by a si^on, the cblorofonn is 
slu^en with oil of vitriol to remove certam volatile oils, which have dis¬ 
tilled over with it, and as soon as it has risen to. the surface of the oil of 
vitriol, it is drawn off and rectified by distillation, -luitil it boils regularly 
at 142“ F. 

^he chemical change involved in the preparation of chloroform appears 
to consist of two distinct stages, in the ^t of which the alcohol is con¬ 
verted into chloral by the action of the chlorine farhished by the chloride 
oflime,C,Hp + Cl, ^ C,HC1.,0 + 5HC1; the hydrochloric acid is; of 

Alcohol. Chloral 

course, neutralised hy the lime. In the second stage the chloral is acted 
upon by the hydrate of lime, which is always present in commercial 
chloride of lime, and is converted into chloroform and formiate of lime, 
2 C,HCi 30 + CaO.H,0 = Ca(CHO,), + 2 CHCI 3 . 

Chloral. Formiate of lime. Chloroform. 

Chloroform is remarkable for its very fragrant odour, and for the power 
of its vapour to produce insensibility to pain, for which purpose it is 
often used in surgical operations. This property is not peculiar to chloro¬ 
form, hut is possessed in different degrees by most other liquids of power¬ 
ful ethereal odour, such as ordinary ether, bisulphide of carbon, bichloride 
(tetrachloride) of carbon, &c. Chloroform is also used for dissolving 
caoutchouc, which it takes up more readily and abundantly than any 
other liquid, and is employed for extracting the poisonous alkaloids (par¬ 
ticularly strychnine), when mixed with organic matters. The name chlo¬ 
roform has been conferred upon this substance on the supposition that it 
contained the radical of formic acid (formyle CH), and it is sometimes 
styled the terchloride of formyle. This belief is encouraged by its 
behaviour with an alcoholic solution of potash, when it yields formiate of 
potash and chloride of potassium— 

CHClg + 4KHO = KCHO 3 + 3KC1 + 2Mfi. 

Chlorofonsa, Famiate of potaili. 

But the processes by which it may he formed would lead us to regard it 
as a substitution-product from mwsh-gas (hydride of methyle, CH 3 .H). 
If marsh-gas be diluted with an equal volume of carbonic acid, and to 1 
volume of this mixture at least 14 volume of chlorine be added, chloro¬ 
form is slowly produced, CH 4 + Clj = 3HC1 + CHCl^. Chloroform is 
also formed hy the action of cUorine upon chloride of methyle— 

CH 3 CI + CI 4 CHCI 3 + 2HC1. 

Wood-spirit (hydrated oxide of methyle) may be employe^ instead of 
alcohol for tbe preparation of chloroform. 

If ohlorofom be distilled in a current of chlorine, it is converted into 
tetrachloride of carbon, CHClj + Clj = CCl* + HCl. When chloroform 
is heated with amalgam of potassium, acetylene (CjH,) ia, disengaged, 
which is polymeric wi^ the hypothetical raiUcal^formyle CH. 

Bromoform (CHBr,) and (CHIj) have no pwBitical interest 

Cklorai (CHCljO), which has been mentioned as resulting from the 
action of chlorine upon slcobol, may be regarded as aldehyde (CjH^O), in 
Svhich 3 adorns of hydrogen are reined by chlorine. 

It is pstipari^ ^ pasring thoroughly dried chlorine into absolute 
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alcohol, which must he placed in a Teasel surrounded 1^ cold water at 
the commencement, because the abwrption of chlorine is attended by 
great evolution of heat. The passage of dilorine is continued for many 
hours, and when the absorption takes place slowly, the alcohol is gradu¬ 
ally heated to boiling, the chlorine being stdl pass^ in until the liquid 
refuses to absorb it. The principal reaction is CjHgO {alcohol) + Ch = 
CjHClgO {ehloral) + 6HCL* But a secondary reaction takes p^e 
between the hydrochloric acid and the alcohol; (CjH,)HO {alcohol) + 
HCl = H,0 + (Cs^j)Cl (hydrochloric ether). The water thus formed 
combines with the chloral, forming a heavy oily liquid, which solidifies 
on standing to a white crystalline mass of chloral hydrate^ Cj,HClj,0.H,0. 
To obtain chloral itself, this must be distilled with twice its volume of 
oil of vitriol to remove the water, and with quick>lime to remove the 
hydrochloric acid. 

Cliloral is a colourless liquid, with a peculiar pungent odour, exciting 
to tears. Its sp. gr. is 1*5, and it boils at 201*^ F. It makes a greasy 
mark on paper, and mixes with water, alcohol, and ether. 

When mixed with a small quantity of water, combination takes place, 
with evolution of heat, and the crystallised hydrate is produced. Ex¬ 
posed to moist air, it absorbs water and forms the hydrate. The chloral- 
hydrate itself readily absorbs water from the air j it may be sublimed 
without decomposition. 

When kept, chloral suffers e, change somewhat resembling that of alde¬ 
hyde, becoming an opaque white mass, insoluNe chloral^ insoluble in 
water, alcohol, and ether, and reconvertible into liquid chloral by distil¬ 
lation. Left in contact with water, it becomes gradually converted into 
chloral hydrate. Chloral is decomposed by solution of potash; C,HClsO 
{chloral) + KHO = KCIIO, (formiate of potash) + CHCl, (cUoroform). 

Chlo]^ hydrate has been lately much used medicinally for procuring 
sleep. The distillation of starch or sugar with hydrochloric acid and 
binoxide of manganese furnishes chloral, together with other producta 

398. Perfume^there. —Certain of the compound ethers, formed by the 
combination of oxide of ethyle and its analogues with the acids of the 
acetic series, are employed in perfumery and confectionery. 

Thus, the butyrate of ethyley or butyric ether (CJEEj-C^HyO,), prepared 
by distilling butyrate of potash with alcohol and sulphuric acid, has a 
decided flavour of pine apples. Acetate of amyle (CjH^.CjKjOa) has a 
veiy strong resemblance in taste and smeU to the jargonelle pear; it is* 
obtained by distilling fousel oil (hydrated oxide of amyle) with acetate of 
soda and s^phuric acid. 

The valerianate of amyle, which has the flavour of apples, and is known 
as apple-oil, obtained by distilling fousel oil with sulphuric acid and 
bicluomate of potash, when the chromic acid of the latter oxidises one 
portion of the hydrate of amyle (CjHj,.HO), converting it into valerianic 
acid (CsHi^jOJ, which then forms the valerianate of amyle (C^Hjj.CaHgOj). 

399. Aldehydes — Vinic or acetic aldehyde, —It has been abeady noticed 
(p. 487) that a considoralfie loss of alcohol has occasionally taken place in 
the manufacture of vinegar, in consequence of the formation of aldehyde 

* An intermediate compound of chloral and alcohol, C,H01,0.0,0^, also appears to be 
formed. It is a solid crystalline body, fusing at 116“ P., boiling at 234“ P., and difficultly 
soluble in water, which distinguishes it flcom chloral hydrate. Heat decomposw it ih|o 
chloral and alcohol. 

2 M 
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(CJEI 4 O) instead of acetic acid (C^P^ "by a partial oxidation of the alcohol. 
In orderto prepare aldehyde in quantity, alcohol is distilled with sulphuric 
ftoid and binoxide of manganese, or with sulphuric acid and bichromate 
^ potash, or it may be oxidised by chlorine in the presence of water. 

Three parts of hinoxide of mangatieae in fine powder are introduced into a retort, 
and a mixture of 8 parts of sulphuric acid aud 2 of water, which haa been allowed to 
coA, is poured upon it. 2 parts of alcohol (sp. a. *85) are then added, the mixture 
Tery gently heated, and the vapours condensed in a Liebig’s condenser, or in a 
worm (fig. 214) supfilied with iced water. If bichromate of potash be employed, 8 
parts of the salt are introduced into the retort with 2 parts of tucohoL The retort is 
placed in cold water to moderate the action, and a mixture of 4 parts of sulphuric 
acid with three times its volume of water is allowed to flow slowly into the retort. A 
very gentle heat may be applied when the action has moderated. 

In these processes the alcohol is oxidised according to the equation— 


CIjHp + 0 = C,H*0 + H,0. 

Alcoluil. Aldehyde. . 

In the first process the oxygon is derived from the binoxide of manganese, 
leaving sulphate of manganese (MnO.SO^) in the retort; in the second 
process, the chromiq acid of the bichromate furnishes the oxygen, sulphate 
of chromium (CrPySSOg) being formed. As might be expected, a portion 
of the alcohol is oxidised to a higher degree, and converted into acetic 
acid (CjjH^O.,), so that some acetic ether coi&es over together with the 
aldehyde. Another product, acetal, is also found in the distillate, which 
has the composition CgHj^Oa, and may be regarded as resulting from the 
union of ether, formed by a secondary action of the sulphuric acid upon 
the alcohol, with aldehyde 

By redistilling the aldehyde with an equal weight of fused chloride of calcium in 
a gently heated water>batb, it may be treed from most of the water and alcohol, which 
are left behind in the retort, the boiling point of aldehyde being only 67®’8 F. After 
rectification, it may be separated from the acetic ether and acetal, by taking advan* 
tage of its property of combining with ammonia to form a compound which is 
insoluble in ether; the rectified udehyde is mixed with twice its volume of ether, 
placed in a bottle surrounded by ico, and saturated with gaseous ammonia (p. 120), 
when white needle-like ci 78 tal 8 of aldehyde, ammonia (NH 8 .C 2 HJO) are deposited. 
By distilling this componiid with diluted sulphuric acid, and condensing the vapour 
in a thoroughly cooled receiver, pure aldehyde is obtained, from which the last por¬ 
tions of water may be removed by standing over fused chloride of calcium and a final 
distillation. 


Aldehyde may he recognised by its peculiar acrid odour, which aifects 
• the eyes, as well as by its volatility and inflammability. It absorbs 
oxygen ^m air even at the ordinary temperature, and is gradually con¬ 
verted into acetic acid. Its attraction for oxygen enables it to reduce the 
salts of silver to the metallic state, and a cha^cteristic test for aldehyde 
consists in adding a little nitrate of silver and a trace of ammonia; on 
heating, the silver is deposited as a mirror on the sides of *the test-tube. 
In contact with hydrate of potash, aldehyde undergoes decomposition, 
yielding a brown substance {resin of aldehyde) and a solution of acetate 
and formiate of potash. By distilling a mixture of these tyo salts, alde¬ 
hyde may he reproduced— 

KCjHgO* + KCHO, = KgO.cd, -h C^Hp. 

Acetate of Formiate of 

potaah. potanli, Aiaehyae. 

These xeaotions lend some support to the opinion, that aldehyde should 
be repre^ted ^ being framed upon the model of a molecule of hydrogen 
(HI?), ihy^dh the place of one atom of hydrogen is occupied by aeetyle 
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(G,H,0), the hypothetical radical acetic acidL tot if foimiate of potash 
be distilled with caustic potash, it yields carbonate of potash and two 
atoms of hydrogen, KCHO, + KHO = KjO.CO, + HH; and if acetate of 
potash be employed instead of the hydrate, aldehyde is obtained instead 
of hydrogen— 

ECHO, + K;(C,H,0)0 = KjO.CO, + (C^,0)H. , 

On this view it is easy to explain the tendency of aldehyde to undergo 
oxidation, forming acetic acid, just as hy>irogen is converted into water 
by oxidation. 

Type. —Molecule of hydrogen, H.H Type. —Molecule of water, H,0 

Aldehyde (hydride of ace- Acetic acid, (C-HuOlHO . 

tyle), C,H,O.H 

As might be anticipated, it is found that when vapour of aldehyde is 
passed over heated caustic potash (mixed with lime) it yields acetate of 
potash and hydrogen, CgHjO.H + KHO = H.H + K(CaH 30 ) 0 . 

By the action of potassium, the atom of hydrogen may be displaced 
from the aldehyde, and the compound (CjH,0)K obtained. 

In contact with water and sodium amalgam, aldehyde combines with 
the nascent hydrogen, and produces .alcohol. Chlorine displaces three- 
fourths of the hydrogen from aldehyde, producing chloralf CjCL^HO, 
which has been already noticed as yielding chloroform when acted on by 
alkalies. 

Perfectly pure aldehyde cannot be kept for any length of time, even in 
sealed tubes, since it becomes converted into metaldehyde and elaldehyde, 
which have the same composition as aldehyde, but differ widely from it 
in properties, metaldehyde being a crystalline solid, and elaldehyde a 
liquid, boiling at 201° P. The true formula of elaldehyde would appear 
to be CgHjjOa for the specific gravity of its vapour is 4’52, or three times 
that of aldehyde vapour (1*53). Metaldehyde is reconverted into alde¬ 
hyde when heated to 400° F. in a sealed tube. 

When aldehyde is treated with a saturated solution of bisulphite of 
soda (Na, 0 .Hj 0 . 2 S 02 ), it forms a crystalline compound, which is soluble 
in water, but insoluble in the saline solution, and contains the elements of 
2 molecules of the aldehyde and 1 molecule of the bisulphite. 

If the view above referred to be correct, which represents aldehyde as 
the hydride of acotyle (the radical of acetic acid), each of the acids 
belonging to the acetic series would be expected to have a corresponding 
aldehyde. Accordingly, just as acetate of lime, when distilled with for- 
miate of lime, yields acetic aldehyde, so valerianic, oenanthic, and caprylic 
aldehydes ipay be obtained by distilling the corresponding lime-salts 
with formiatC of lime. 

The chief aldehydes of this series which have at present been examined 
ar e— 

^ Acetic aldehyde, . CjH^O* 

Propionic aldehyde, . CjHflO 

Butyric alSehyde, . . . C 4 HgO 

Valeric aldehyde, . . CjHioO 

* It will be remarlted that those aldehydes are polymeric with the compound ethem 
fomed by their acids; thus, acetic aldehyde is polymeric with acetic ether, for— 

2C:,H40 = C,H,.C,H,0„ 

but the sp. gr. of aldehyde vapour (1'53) is only half that of acetic ether vapour (8*06). 
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(Bnantbic ddehyde, 

. . CyH^O 

Caprylic aldehyde. 

. . CgHjjO 

Butic aldehyde, 

• » CjoHjqO 

Enodie aldehyde, . 

» • CijHjijO 

Laniio aldehyde, 

. . ^J8®S4^ 


The radicals corresponding to acetjle, which may be regarded as asso* 
ci^ted with hydrogen in these aldehydes, have not, for the most part, been 
isolated ; a substance having the same composition as btityryle (O^H^O), 
the supposed radical of butyric acid (C^HgOj), has, however, been obtain^ 
from that acid by an indirect process. 

Acetic, propionic, and butyric aldehydes have been found among the 
products of the oxidising action of a mixture of binoxide of manganese 
and sulphuric acid upon fibrine, albumen, and caseine. 

Valeric aldehyde is obtained, like acetic aldehyde, by distilling the 
corresponding alcohol (amyle-alcohol, CjHjjO) with sulphuric acid and 
bichromate of potash. 

Capric (rutic), euodic, and lauric aldehydes are found in essential oil of 
rue. The higher aldehydes of the series are not so easily oxidised as 
those containing a lower number of carbon atoms. 

When an aldehyde is heated with one of the bases derived from 
ammonia by the substitution of an alcohol-radical for one atom of hydro¬ 
gen, the other two atoms of hydrogen of the ammonia are replaced by the 
diatomic hydrocarbon of the aldehyde; thus— 

2NB,C,S^ + 20,H„0 = 2H,0 + 

Amylamlne. Sf^yde*. Dl-ienanthylcne-di-amylwntae. 

This reaction has been recommended for the determination of the 
replaceable (or typical) hydrogen in organic bases. 

400. Aoetonis. —K the lime salts of the acids of the acetic series, 
instead of being distilled with formiate of lime, as for the preparation of 
the aldehydes, be distilled idone, or with quick-lime, a series of homo¬ 
logous products is obtained, each of which is isomeric with the aldehyde 
of the series next below it in the table, though totally different from that 
aldehyde in properties. 

Thus, by distilling acetate of lime with lime, the liquid acetone or 
jyyro-ax^ic arpirit (Ci,H*0) is obtained, which has been already noticed 
among the products of the distillation of wood— 

Ca(C;ap,), = CaO.COj + 0,H,0. 

AcetAte of Umo. Acetone. 

Acetone has the same composition as propionic aldehyde.* By similar 
processes the following acetones (or ketones, as they are freqwntly called) 
liave been obtained :— 


Acetone, . . . CjHbO 

Fropione, . . . CgHioO 

Butyrone, . . . C,H„0 

Valerone, . . . 

These substances are allied, in some' of their properties, to the aldehydes, 
especially in forming crystalline compounds with bisulphite of soda. 
Hence many chemists have been led to believe that they are composed, 

. * Aldehyde is slowly formed by the action of chromic add upon ethylene, and acetone 
may be obtfthed in a similar manner from propylene. 
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like the aldehydes, aftei the model of a molecule of hydrogen, hut that 
in the acetones the radicals of the corresponding acids are associated, not 
with an atom of hydrogen, but with the hydrocarbon radical of the n^t 
lower alcohol Thus, the acetone of the acetic series (GgHgO) would be 
composed of the radical acetyle (CgH^O) associated with methyle (CH,), 
and this yiew of its constitution is supported by the formation of acetone, 
when chloride of acetyle is acted upon by zinc-methyle— ^ 

2(C,H,O.Cl) + (CH,)^n = 2 (C,^ 30 .CH,) + ZnCl,. 

Cblorlda of acetyle. Zlnc-nicthyle. Acetone. 

In a similar manner, cbloracetene (resulting from the action of chloro- 
carbonic acid on aldehyde) yields acetone when acted on by methylate of 
soda (sodiom-methyle-alcohol)— 

(C3H3)C1 + (CIQ^O = mCl + 

Cbloracetene. Hetbjrlatc of sods. Aratone. 

Further corroboration is obtained by distilling a mixture of equivalent 
quantities of acetate and valerianate of potasb, when an acetone is obtained, 
which contains valeryle (CjHgO), associated with methyle (CHj)— 

KC^HPs + = K 3 O.CO, -I- C3H,0.CH3. 

Acetate of potash. Valerianate of potash. 

It will he remembered that when acetate of potash is distilled with 
caustic potash, it yields marsh-gas by a precisely parallel reaction— 

KC 3 H 3 O 3 + KHO = KjO.GO, + H.GH3. 

Acetate of potasb. Marsb-gaa 

Acetone may also be prepared by distilling sugar with eight times its 
weight of quick-lime, when it is accompanied by another liquid, mefacetone, 
G^H^O, which differs from acetone in being insoluble in water. When 
this liquid is heated with bichromate of potash and sulphuric acid, it is 
oxidised and converted into metaeelmfc or propionic acid, HGjHjO,, 
which may also be produced by the oxidation of acetone. 

401. The description above given of the properties of aldehyde will 
have recalled those of some of the essential oils containing oxygen. Thus, 
essential oil of bitter almonds (G^HgO), when exposed to air, absorbs 
oxygen, and is converted into benzoic acid (G^HgOj), just as aldehyde 
((IH 3 O) passes into acetic acid (GjH^Og). Moreover, oil of bitter almonds 
forms a crystalline compound with hisulpliite of soda, similar to that 
formed by aldehyde, and its conversion into this compound is sometimes 
resorted to in order to obtain the pure oil. 

In constitution, also, oil of bitter almonds (hydride of henzoyle, 
GyHjO.H) SJosely resembles aldehyde (hydride of acetyle, GgHaO.]^, 
and just as the latter may be obtained by distilling acetate of potash wiUi 
formiate of potash, so benzoic aldehyde (oil of bitter almonds) may he 
obtained from benzoate of potash. 

K(GX)0 + KCHO, = K 3 O.GO 3 +• GAO.H. 

Benzoate of potash. Foftnlate of pi^h. Benzoic aldehyde. 

Oil of hitter almonds is produced, together with some aldehydes of the 
acetic series of acids (p. 647), when certain albuminous bodies are oxi¬ 
dised by sulphuric acid and hinoxide of manganese. 

When benzoic aldehyde is acted on by an alcoholic solution of caustic 
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pbtasb, an oily liquid is obtained, which stands in the same relation to 
benzoic aldehyde as alcohol bears to acetic aldehyde. 

2(C,H,O.H) 4- KHO = K{C,B,0)0 + C^gO. 

Benzoic aldehyde. Benzoate of potaah. Benzoic aleobol. 

The conversion of bitter almond oil into benzoic alcohol may also be 
efiEected by the action of water and amalgam of sodium (to famish nascent 
hy^gen ); whereas^ by treatment with zinc and hydrochloric acid, it is 
converted into hydrobemoine (C,H,0). 

The hydrochloric ether of benzoic alcohol, C^H^Cl, is sometimes called 
chloride of hemyle^ the radical henzyle, C^H,, being supposed to have the 
same relation to the benzoic series as ethyle has to the acetic series. By 
the action of ammonia upon chloride of benzyle, hmzylaminey NHj(C 7 H,), 
and tri-henzylamimf N(C,H 7 ) 3 , have been obtained; the former is isomeric 
with toluidme, but is by no means identical with it; for benzylamine is 
a liquid having basic properties far more powerful than those of tolui- 
dine, and it is very readily soluble in water, which dissolves but little of 
the latter base. 

The benzoic acetone or Imvzom (CjjHj^O) has been obtained by the distil¬ 
lation of benzoate of lime. It is often called henzo2)henone, being regarded 
as an association of bonzoyle with phonyle, CyHgO.CgHj; for when dis¬ 
tilled with potash, it yields benzoate of potash and benzole (hydride of 
phenyle)— 

CjHgO.C.Hj + KHO == K(C,HgO)0 + CgHg.H. 

Benzophenone. Bciizuate of potash. Benzole. 


Oil of cinnamon (p. 471) or hydride of cinuamyle (CjH,O.H) is the alde¬ 
hyde of cinnamic acid esSeniiai oil ot cummin contains 

the alde^^(CU2^uCH) of cuminic acid (CjgHjjjOg), and yields cuminic 
when treated with alcoholic solution of potash. Oil of 
»J§iJSraBa or hydride of salicyle (C.HjOyH) is the aldehyde of salicylic acid 
(CjHgOj). Hydride of anisyle (CgH,OyH), obtained by the oxidation of 
oil of aniseed, is the aldehyde of anisic acid (CgHgOj), and of anisic 
alcohol (CgHioO). These aldehydes allow their associated atom of hydro¬ 
gen to be displaced by chloriae more readily than the aldehydes of the 
acetic series, to form chlorides c .heir respective radicals (p. 470). 


Glycol—Polyatomic Ai/iOnoLS. 

402. It has been already shown (p. 618; that alcohol may be con¬ 
veniently regarded as composed after the fashion of a molecule of water 
(H,0) in Which half the hydrogen has been displaced by ethyle (CjHj); 
accoT^ng to this view alcohol is represented by the formula H(CjHj)0 j 
and it is a monatomic alcohol, for it contains the monatomic radical 
(CjH^'. But if, following the same plan, a diatomic radical, such as 
ethylene were to displace half the hydrogen in wflter, the dis¬ 

placement could not be effected in less than two molecules of water 
(HgO,), and a didtomie alcohol would result. 

Glycol (CjHgOj) is the representative of the diatomic alcohols, and may 
be regards as two molecules of water, in which half the*'hydrogen is 
replaced by ethylene (H,(CjH 4 )'^Oj). It is olrtained by the action of 
biniodide of ethylene (formed by the direct union of olehant gas with 
iodinei) upon a'cetote of silver— 

^ 2(AgC.H.O.) + (CA/L = 2AgI . (C,Hy.2C.H.O.. 

Acetate pf sHw)-. ’ Bliwcetatc of glycol. 
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The binacetate of glycol tiiua fomed corresponcU to the acetic ether 
((CgHj)C^,0,) derived ftom common alcohol; but aince ethylraie is 
diatomic, it displace the hydrogen in two molecules of acetic acid. 'V^en 
the result of tins action is distilled, the binacetate of glycol passes over 
as a colourless liquid,* which sinks in water, and boils at 365° F.* 

Glycol can be obtained from the binacetate by digesting it with hydrate 
of potash for some time at 360° F., and distilling, when the glycol passes 
over, its boiling point being 387° F. It is a colourless liquid, having a 
sweet taste, whence it derives its name (yXvK^;, meet). Like common 
alcohol, it mixes with water in all proportions, and may be distilled 
without decomposition. It also gives an inflammable vapour, and has 
never been frozen; but, unlike alcohol, it is heavier than water (sp. gr. 
1'125), and does not mix with ether, though al >bol dissolves it readily. 

Glycol is also capable of forming the monaceU • of glycol, CjH^HCgHgO,, 
and a remarkable compound lias been obtained known as acetohutyrate 
of glycol C,H,.C,H 30 ,.C.H, 0 ,. 

The action of hydrochloric acid upon glycol does not perfectly corres¬ 
pond with its action upon common alcohol, for instead of yielding a chlo¬ 
ride of ethylene, it gives a compound of hydrocliloric acid with oxide of 
ethylene. 

•<- HCl - (C,H^^O.HCl + H,0. 

ClycoL Chlorbydrine of glyool. 

By decomposing this compound with potash, the oxide of ethylene 
(CA) ''0 is obtained, as a colourless liquid, which boils at 66° F., 
and is, therefore, not identical with aldehyde (which boils at 68° F.), 
though it has the same composition. It is obvious that glycol might 
be represented as (CaH 4 )'^O.H^O, the hydrated oxide of ethylene, and 
this view is favoured by the circumstance that glycol may be formed 
by heating the oxide of ethylene with W’ater in a sealed tube; but, on 
the other hand, when glycol is treated with chloride of zinc, to de¬ 
hydrate it, ordinary al' hyde (CgH^O), and not the cthylenic oxide, is 
produced. 

By the action of pentachlorido of phosphorus upon glycol, the bi¬ 
chloride of ethylene, ■ Butch liquid, is obtained— 

H,(C.,1I,)"0, -PCI, =- (C,HJT1, + 2HC1 + 2POClj. 

,, , Bichloride of Oxychloride of 

'**”“”*• ethylcuc. pnoepboriw. 

It will be observed that this equation is the exact counterpai't of 
that which represents the action of pentachloride of phosphorus upon 
water, substituting diatf»mic ethylene for monatomic hydrogen— 

+ 2PC1, = (HJCl, + 2HC1 -f 2POC1,.* 

Sodium acts upon glycol in the same manner as upon ordinary alcohol, 
but in consequence of the di-atomic charact of glycol, the reaction 
takes place in two stages, producing, successively, mono-sodium glycol, 
HNa(C,HJ^j eixAdisodimi glycol, N£kj(Cj,Il 4 )'^ 05 „ both which are solid. 

When glycol is exposed to the action of oxygen in the presence of 
platinum-black, or when it is cautiously oxidis^ with nitric arid, it 
becomes converted into glycolic acid, which bears the same rela- 

• A liquid isomeric with binacetate of glycol, but boiling at 886" P., is obtained by heat- 
ing aldehyde in a sealed tube with acetic anhydride. 
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twm io it M.aoetic acid bears to oommoii alcohol, as will bo evident from 


H(C,H,).0 + 0, = H(C,H30).0 + H,0 

AleoboL Acetic add. 


+ 0, = H,(CAO)''.0, + H*0 

OlfcaL Glycolic add. 

in Vhich the change consists, in both cases, in the substitution of 0 for 
H, in the radical of the alcohol, acetic acid being formed upon the type 
of a molecule of water (HjO) in which H is replaced by C^HgO, and gly¬ 
colic acid upon the type of two molecules (H^O,), in which Hj are replaced 
by C,H,0. If the oxidation with nitric acid be carried farther, the 
remainder of the hydrogen in this last radical is replaced by oxygen, and 
oxalic acid is produced— 

H,(CAO)'^.0, + 0 = H2(Cs0a)^0, + H,0. 

GlyooUo add. Oxalic add. 

By the action of nascent hydrogen upon oxalic acid, the O in the radi¬ 
cal may be again displaced by so that glycolic acid is reproduced. 

Glycolic acid forms a syrupy liquid which resembles lactic acid, but is 
distinguished from it by being precipitated with acetate of lead. Unlike 
oxalic acid, glycolic is a monobasic acid, only one atom of its hydro¬ 
gen being replaceable by a metal. Glycolic acid is found together with 
oxalic acid among the products of the action of nitric acid upon alcohol 
in the preparation of fulminate of mercury, which is easily accounted for 
by the connection between alcohol and ethylene, which is best exhibited 
by writing the formula of alcohol (C 3 n 4 ).HgO. 

Glycolic acid is the first member of a series of homologous acids, of 
which the most important is lactic acid, these acids standing in the same 
relation to the glycols in which the members of the acetic series stand to 
the alcohols. 


Lactic Series of Acids. 


Name. 

Formula 

Source. 

Glycolic acid, . 
Lactic acid, . . 
Batylactic acid, 

Yalerolactio acid, 

Lencic acid, . . 

C,HA 

CalleO, 

C^HgO, 

C,Hxo08 

CeHijOg 

Oxidation of glycol and of alcohol. 
Fermentation of cane and milk sugars. 
Oxidation of bntyl-glycol. 
r Decomposition of bromo-valerianic 

1 acid with oxide of silver. 

Action of nitric acid on lencins. 


It will be observed that these acids are intermediate, with respect to 
the number of atoms of oxygen which they contam, between the acetic 
and the oxalic series of acids; thus— • 


Acetic acid, 
Glycolic „ 
Oiuilic „ 


CgH.O, 

0,11,0, 


Propionic? acid, 
LacUc „ 
Maionic, 


CsH«0, 


# Tke aldehyde of glycol, glyoxal, C,H,0„ is found among the products of the decom¬ 
position of nitrous et ler in contact with water. 
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These i^ree series of acids, therefore, present a rdation to each other 
similar to that between the three series of alcohols, represented’ 

Vinic alcohol, . . CgH,0 

Glycol, . . , CgHjO, 

Glycerine, . . CjHgO,. 

Just as acetic and glycolic acids are formed by the osidatiou of alcohol 
and glycol, so the oxidation of glycerine by nitric acid furnishes glymic 
acid, CjHjO^. 

The transition &om the oxalic series to the lactic series of acids has 
been effected in the case of leucic acid, which has been artificially formed 
from oxalic acid, by converting it into oxalic ether, and acting upon this 
with zinc-ethyle, when leucic ether is obtained, from which leucic acid is 
easily prepared. The reaction is rendered intelligible if the two acids be 
thus formulated— 

Oxalic acid, . . CsHa 04 

Leucic „ . . C,Hj(C 8 Bl 6 )j 03 , 

from which it appears that, neglecting intermediate stages, the zinc 
of the zinc-ethyle removes an atom of oxygen from the oxalic acid, 
leaving cthyle in its stead, so that leucic acid may be regarded as dieth- 
oxalic acid, or oxalic acid containing two of ethyle instead of one of 
oxygen. If oxalate of methyle be substituted for oxalate of ethyle in this 
experiment, leucate of methyle, CHa-CgH^O, is obtained, and when this 
is decomposed by baryta, and the leucate of baryta treated with sulphuric 
acid, fine crystals of leucic acid are obtained, which are readily soluble in 
water, alcohol, and ether, and sublime slowly at the ordinary tempera¬ 
ture.* By the reaction between iodide of methyle, oxalate of methyle, 
and amalgamated zinc, dimethoxalic aeid,C^IlJCK^)/)^, has been obtained, 
which may be regarded as oxalic acid containing two of methyle in the 
place of an atom of oxygen. Dimethoxalic acid is isomeric with butylactic 
or acetonic acid (C^HgOg); it crystallises in prisms resembling those of 
oxalic acid, which may bo sublimed at 122“ F., and volatilise slowly even 
at the ordinary temperature. 

From the other hydrocarbons of the olefiant gas series (p. 608), glycols 
may be prepared by processes similar to that which furnishes ethylene¬ 
glycol. Thus propylene (GgHg) yields propylene-glycol, ; 

butylene (C^Hg), hutylene-giyeol, Hj(C 4 H 8 )'*'.Oa; amylene (CgH,,,), aniy- 
lene-glyeol, ; it is a very remarkable circumstonce that the 

boiling points and specific gravities of these liquids decrease as the com¬ 
plexity of the formula increases, which is quite contrary to ordinary 
experience j thus amylene-glycol (GjHjjOj) has the sp. gr. 0*987, and 
boils at 35!^* F., whilst propylene-glycol (OjHgOjJ has the sp. gr. 1*061, 
and boils at 371“ F. 

When propylene-glycol is slowly oxidised, it is converted into lactic 
acid, exactly as glycol is converted into glycolic acid— 

-h 0 , = HjfCgH^Or.Og + HgO. 

Prc^ylene-glycol* lactic acid. 

The difference between the diatomic character of glycol emd the mona¬ 
tomic character of ordinary alcohol, is strongly marked in their behaviour 

* It is said that this lencic acid, though closely resembling that obtained from oxalic, 
ether, is not identical with it. 
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with the oiganio adds, for whilst the monatomic alcohol yidds (with 
monobasic acids) only one series- of compound ethers deriyed from one 
molecule of acid, the diatomic glycol yields two series derived respectively 
from one and two molecules of acid; thus we have monsuietate of glycol 
(C^J".H(CjH 30 ) 0 s and diacetate of glycol, (C 3 HJ^.(C,H, 0 ),. 0 , In the 
last series, it is not necessary that the two molecules should consist 
of the same acid, os may be seen in the acetobutyrate of glycol, 
(C3flJ".C3H30.C,H,O.Or 

Just as polyatomic ammonias are formed upon the type of several 
molecules of ammonia, so polyatomic alcohols may be produced by the 
substitution of compound radicals for hydrogen in a multiple alcohol 
type. Thus, by heating glycol in a sealed tube with oxide of ethylene, 
di^ethylene-trialcohol, is produced, which is formed upon 

the type of three molecules of alcohol, 113 ( 02113 ) 303 . In a similar manner, 
tri-ethylene-tetralcohol, H,(CjH 3 )j'^ 03 , is formed upon the quadruple 
alcohol type, H 3 (C 3 Hb) 303 . 

It will be seen heritor that glycerine (C 3 H 3 O 3 ), the sweet prmciple 
of oils and fats, is a triatomic alcohol, formed upon the type of three 
molecules of water (H 3 O 3 ), in which half the hydrogen is replaced by 
the triatomic radical, (CjIIb)'", glyceryle^ the formula of glycerine being 

It is easy to convert a diatomic into a monatomic alcohol; for example, 
if the ehlorhydrine of glycol be treated with amalgam of sodium in the 
presence of water, it becomes converted into ordinary (monatomic) 
alcohol— 


aHjClO + H 3 O + Na^ = C 2 H 3 O + NaHO + NaCl. 

Chforhydrine 
of glycol. 


AlcoboL 


The relation of the alcohols to water as their primary type is here 
exhibited— 


Type, one molecule of water, II„0 
Vinic alcohol, CjHgO 
Type, two molecules of water, 
Glycol, C 3 H 3 O 2 


H 

H 


0 


_ Hg) 
- H3/ 


H 

(pA) 
0, 




o 


A 




Type, three molecules of water, HgOg 

Diethylene-trialcohol, CgH^gOg 
Glycerine, CgA^s 

Type, four molecules of water, HgOg 
Triethylene-tetralcohol, CgH„Og 



iiThe compounds formed by the action of acids upon these alcohols would 
then be represmted by such formulae as the following:— 



AOITfATES—ACETONB. 


Acetic ether, .... 
Monacetate of glycol, . . 

Diacetate of glycol, . . ■ . 

Acetobntyrate of glycol, 

Monacetine,. 

Diacetine,. 

Triacetine,. 



O 

0 . 

0 . 

0 . 

03 

0 . 

0 » 
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ACETIC ACID—THE FATTY ACID SEETES. 

403. The most useful of the acids belonging to the acetic series (see 
p. 607) is acetic acid itself, the preparation of which has been already de¬ 
scribed. 

Many of its salts are extensively employed in the arts. Acetate of 
alumina is used as a mordant by the dyer and calico-printer. Acetate of 
lead or mgar ofleady Pb(CgH 30 s ,)2 3Aq., is prepared by dissolving litharge 
(PbO) in an excess of acetic acid, when the solution deposits prismatic 
cryst^ of the acetate which are easily dissolved by water and al^hol. 

Goulard's extracty or trihash acetate of lead, is prepared by dissolving 
litharge in solution of acetate of lead; it may be obtained in needle-like 
crystjds, which have the composition Pb(CjHgOj,), 2 PbO.HjO. 

Verdigris, or basic acetate of copper, Cu{CjH 30 j) 2 .€ud. 6 Hj 0 , is pre¬ 
pared by piling up sheets of copper with layers of fermenting husks of 
grapes (the marc of the wine-press), when the oxide of copper, formed at 
the expense of the oxygen of the air, combines with the acetic acid fur¬ 
nished by the oxidation of the alcohol 

Acetotie (C 3 HP) is obtained by the destructive distillation of acetate 
of lime— 

Ca(C,HA )2 = CaO.CO, + C^H^O 

Acetate of lime. Acetone. 

a decomposition which possesses some general interest since the lime-salts 
of the other acids of the acetic series yield ketones in a similar manner 
(seep. 648), 

The acetone thus obtained is an ethereal liquid lighter than water, boil¬ 
ing at 133°%., and burning with a luminous flame. It is easily miscible 
with water, but separates when hydrate of potash is added, rising to the 
surface. 

Under the action of chlorine, acetic acid loses an atom of hydrogen, 
tAlriTig chlorine in its place, and forming cMoracetio acid, H.C,HjC10,;* 
and if the action be pregnoted by sun-light, triehlcfrabetie acid may bo 
formed, H.C,Cl 30 ,p wMch may be crystallised. This latter acid has a 
peculiar interest on account of its being concerned in the production of 
acetic acid from inorganic materials, which was one of the fimt examples. 
of the actual synthesis of organic compounds. 

* DicMnracetie acid, H.C,HC1,0,, Ims also 1>eeii obtained. 
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ACETIC ANHYDBIDK 


The synthesis of acetic acid has been effected by the action of chloro- 
carbonic acid upon marsh-gas, when hydrochloric acid and acetic oxy¬ 
chloride are formed— 

CH, + OOCl, = (C^,0)C1 + HiCl. 

AceHc oxy¬ 
chloride. 

When the acetic oxychloride is decomposed by water, acetic acid is pro¬ 
duced— 

(C^jO)Cl -I- H,0 = H(C,HjO)0 -i- HCl. 

This appears to be an example of a general method of synthesis of the 
. volatile fatty acids, starting from the marsh-gas hydrocarbons derived from 
them; thus, hydride of amyle, CjHjj, treated in a similar manner, yields 
caproic acid, HCaHuOj. 

404. Anhydrides of organic acids.—Acetic anhydride. —^The course of 
investigation by which, of late years, much light has been thrown upon 
the true constitution of acetic acid, and therefore of many other organic 
acids, is of a very instructive character. The strongest acetic acid which 
can be prepared (see p. 461) is known as glacial acetic acid, from its crys¬ 
tallising in icy leaflets at about 55° F. This acid has the composition 
CjHjOj, and may be regarded as a molecule of water in which half the 
hydrogen is replaced by the hypothetical radical acetyls, CjHjO. 

When tliis acid is distilled with terchloride of phosphorus, a colourless, 
very pungent liquid is obtained, which is commonly spoken of as acetic 
orychloride, CjHjOCl— 

2H(C,H,0)0 PCI, = HCl + HPO, + 2(C,H,0)C1. 

Acetic add. Phosphorous Acetic of oxychloride. 

odd. 

That this acetic oxychloride (or chlonde of acetyle) really bears a very 
close relationship to acetic acid, is shown by the action of water, which 
acts with explosive violence and reproduces the acetic acid— 

(C,H30)C1 -f- H,0 = H(C,H,0)0 + HCl. 

Acetic oxydiloilde. Acetic add. 

If caustic potash bo allowed to act upon the chloride of acetyle— 
(C,H,0)C1 + KHO « II(C,H,0)0 + KCl. 

But if acetate of potash (KCjHaO,) be employed instead of caustic 
potash— 

(GAO)Cl + K(C,H,0)0 = C,p,0.C,H,0.0 ■+■ KCl. 

Acetic oxyddorlde. Acetate of potaxli. Acetic anliydiide. 

Acetic anhydride has also been obtained by heating dry acetate of lead 
or of silver with bisulphide of carbon in a sealed tube to about 320° F. 
for several hours, the tube being occasionally opened to relieve the pres¬ 
sure of the carbonic acid evolved— 

2Pb(C,H,0),0, + CS, = 2Pb8 + CO, -h 2(C,H,0),0. 

The acetic anhydride is a neutral 0 % liquid which may bp distilled off 
in the above experiment. Its smell recalls that of acetic acm, but affects 
the eyes strongly. It sinks in water, but dissolves slowly, with evolution 
of heat and formation of hydrated acetic acid.* 

* If acetic anhydride be heated vrith an excess of bmoxide of barium, it yields acetate of 
ibaryta, carbonic acid, and methyle gas (p. 518). 

2(0»H,0),0 + BaO, = 4- 2CH, + 2CO,. 

By ai}soi'bing the (Mrbonic acid with potash, the pure methyle gas is easily obtained. 
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The most convincmg proof that this anhydride is really formed after 
the type of a molecule of water, is obtained by acting upon the acetate of 
potash with the benzoic instead of the acetic oxychloride— 

(CyH50)Cl + K(C,Hp)0 = KCl + CyH.O.CAO.O. 

Benxnic Acetate of Benso-acetic 

oxychloride. potaah. anhydiide, 

and the true nature of this doable anhydride is seen by its conversioninto 
a mixture of hydrated benzoic and acetic acids when left in contact with 
water. 

By methods similar to that employed for acetic acid, the anhydrides of 
many other organic acids may be obbiinod— 

Peroxides of organic radicals. —Considerable support has been offered 
to that view of the constitution of the organic acids, which represents 
them as composed after the type of water, by the discovery of certain com¬ 
pounds which bear the same relation to the anhydrides as peroxide of 
hydrogen bears to water. 

When binoxido of barium is acted on by hydrochloric acid, chloride of 
barium and peroxide of hydrogen are formed— 

BaO, + 2HC1 = BaCl, + H,0^. 

If binoxide of barium be acted on by benzoic oxychloride (chloride of 
benzoyle), the products are chloride of barium and benzoic peroxide 
(peroxide of benzoyle)— 

BaO, + 2 (C,H 50 )C 1 = BaCl, + (CyHjO)^,, 

The benzoic peroxide may be obtained in fine crystals from its ethereal 
solution, but like the peroxide of hydrogen, it is easily decomposed at 
about 212" F. with explosive violence. By the action of alkalies, it is 
resolved into benzoic acid and oxygen, just as peroxide of hydrogen yields 
water and oxygen— 

(C,H,0),0, + 2KHO = 2K(C,H,0)0 + 0, + H,0. 

By acting upon acetic anhydride with binoxide of barium, the acetic per¬ 
oxide (or peroxide of acetyle) is obtained— 

BaO, + 2 (C,H 30)*0 = Ba(C,HA), + (C,H 30 ), 0 ,. 

Acetate of baryta. Acetic peroxide. 

The acetic peroxide is an oily liquid, insoluble in water, and exploding 
with great violence when heated. It has the powerful oxidising pro¬ 
perties which would be expected from its chemical resemblance to peroxide 
of hydrogen. 

405. Formic acid (H.CHO 3 ) is regarded with great interest by the 
chemist, frijm its occurring both in the animal and vegetable kingdoms, 
and from the ease with which it may be artificially obtained. This acid 
is found in the leaves of stinging-nettles, and was originally obtained by 
distilling the red ants {formica rufa), whence it derives its name. 

It has lojig been prepared in laboratories by the oxidation of various 
organic substances, paij^icularly by distilling starch with binoxide of 
manganese and sulphuric acid. .Mother more modem process, which 
yields it more abundantly, consists in distilling dried oxalic acid with 
enough glycerine to cover it, when it is resolved into carbonic acid and 
fonuic acid— 

HjCA (Oxalic acid) = HCHOj «d<f) + CO^. 
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The glycerine appears to act by prodacing an unstable compound with 
the formic acid (analogous to the stearmes and acetines, see p. 666), which 
is afterwards decomposed. The solution of formic acid thus obtained con¬ 
tains 76 per cent, of true hydrated formic acid. If dried oxalic acid be 
heated in the aqueous formic acid, and the solution allowed to crystallise, 
the oxalic acid retains the water, and when the liquid is decanted from 
theT crystals and distilled, pure formic acid is obtained, and may be 
crystallised at a low temperature. ‘ 

But the most remarkable method of obtaining formic acid is that in 
which it is formed from inorganic materials. When formic acid is heated 
with strong sulphuric acid, it is resolved into water and carbonic oxide, 
ECHO, = H,0 -It CO. 

It might, therefore, be expected to be reproducible by the combination 
of those two substances, and accordingly, if moistened caustic potash be 
heated for some hoiirs to 212" F. in a fla^ filled with carbonic oxide, the 
gas is absorbed, and formiate of potash produced, from which the formic 
acid may be obtained by distillation with diluted sulphuric acid— 

KHO + CO = KCIlOjj (Pormiatt ofpota$h). 

This is a far simpler example of the synthesis of an organic compound 
from inorganic materials than that of acetic acid above referred to, and 
since the carbonic oxide may be prepared by heating carbonate of baryta 
with metallic iron, this method of synthesis is quite independent of any 
organic source of carbon. Ethylate of sodium, NaCjUgO, also absorbs 
carbonic oxide, forming ethyl-fomiiato of sodium NaC(CjH 5)02 isomeric 
with propionate of soda, a little of this salt being also formed. 

In properties, formic acid bears a great general resemblance to acetic 
acid, but has a more powerful action upon the skin when in the concen¬ 
trated form. It is employed in the manufacture of one of the blue colours 
derived from coal-tar. 


FurfwoU or oil of ants, accompanies the formic acid obtained by dis¬ 

tilling amylaceous matters with binoxide of manganese and sulphuric acid. It is 
prepared in quantity by distilling bran (freed from stansh and gluten by steeping in 
a cold weak solution of potash) with half its weight of sulphuric acid (previou.sly 
diluted with an equal bulk of water), a current of steam being forced through the 
mixture ; the furfurole distils over with the water, from which it may be separated 
by fractional distillation. It is a colourless oily substance, smelling of hitter almonds, 
becoming brown when exposed to the air, and but slightly soluble in water. Strong 
snlphuric acid dissolves it to a purple liquid, from Avbich water precipitates it un¬ 
changed. Furfurole resembles tlie aldehydes in its property of reducing oxide of 
silver, and in forming a crystalline compound with bisulphite of soda. It is con¬ 
vertible by oxidation into pyronmcic acid (CgH^O,), the acid obtained by distilling 
the mucic acid derived from the oxidation of gum or mfik-sugar. The systematic 
name for furfurole, therefore, would be pyromwic aldehyde. 

Just as oil of bitter almonds (benzoic aldehyde), when acted on bjf ammonia, is 
converted into hydrobenzamide, so furfurole yields furfuramide—^ 


8C,H.O + 2NH, = Cj.H.gN, -i- 3H,0 

OUofWtteralraonda a 


8H,0. 


80 H.O, + 2NH, = 0, 

Farfni’ole. Furflu^fde. 

An^ jqst as hydrobenzamide, when boiled with solution of potash, yields the iso¬ 
meric base amarine or bemolme (Oj,HjgN,), so furfuramide, when boU^ with potash, 
jaresfurfurine (Ci,"Hi,lSr,Og), which is isomeric with it 

7^ Butyric ctdd (HC 4 H 70 g) is found not only in rancid butter, but in the 
(^uiep. of flesh, and is a frequent product of fermentation. 
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Indeed, the best mode of obtaining this acid consists in exciting fermen¬ 
tation in sugar by contact with cheese; the liquid soon becomes acid, in 
consequence of the formation of laMie acid (the acid of sour milk), and if 
it be neutralised from time to time with'chalk, this fermentation continues 
until the whole is converted into a pasty crystalline mass of lactate of 
lime Ca(C,H,0,),. The formation of lactic acid from sugar becomes in¬ 
telligible on comparing the formula}— 

1 molecule of cane-sugar, 

4 molecules of lactic acid, . 

After a time the mass becomes more fluid, at the same time evolving 
bubbles of gas, which contain carbonic acid and hydrogen, for the lactate 
of lime is undergoing a fermentation, by which it is converted into buty¬ 
rate of lime— 

2 Ca(C 3 HA), + H,0 = Ca(C,HyO,), -t- CaO,CO, -f- SCO, + H,. 

Lactate of linie. Ba):yrate of lime. 

By distilling the butyrate of lime with dilute hydrochloric acid,-an aqueous 
solution of butyric acid is obtained, and on saturating this with chloride 
of calcium, the acid collects as an oUy layer upon the surface. It is 
remarkable for its powerful odour of rancid butter.* 

Synthetical /•mnaiion of acids of the acetic series. —^By a very remark¬ 
able process of substitution, butyric acid has been derived from acetic 
acid. When sodium is heated with acetic ether, it is gradually dissolved, 
and the liquid solidities on cooling, to a crystalline mass containing, 
among other products, sodaeetic ether, or acetic ether in which one atom 
of the hydrogen has been displaced by sodium. The reaction appears to 
take place in two stages— 

(1) 3(C,HyC H 3 O.O) + Na, = 3 (C.,H 5 .Na.O) + Xa(C,H,0),,. 

Acetic ether. Sodium-alcohol. Sodlum-triacetyle. 

(2) C,H,NaO + C,H.,.C,H,0.0 = C,H,.H.O + CA-Ca(H,Na)0.0. 

Sodium-elcuhoL Acetic ether. AlcohoL Sodaeetic ether. 

By digesting the sodaeetic ether with iodide of ethyl for several hours in 
a close vessel, at 212 * F., the atom of sodium is exchanged for ethyle, and 
ethacetic ether, or butyric ether, is produced— 

C,H,.C,(H,Na}0, -f C,HJ » Nal -i- C,H,.C,H,(C,HjO,. 

S^acetlc ether. Iodide of ethyL Ethacetic or butyric etlioK 

From this ether the ethacetic acid, CjH,(CjHj)0„ has been prepared and 
found to be identical with butyric acid, C 4 HgO,. 

The connection thus established between butyric acid and the ethyle 
series helps^to explain the production of that acid in the fermentation 
of sugar. • 

But butyric ether has also been obtained by another process of substitu¬ 
tion, which affords a proof that the same substance may be correctly 
represented by two distinct rational formulre. 

The substitution of sodium for hydrogen in acetic ether may extend to 
two atoms of hydrogenyi and if the disodacetie ether so produced be 
digested with iodide of methyle, butyric ether is obtained— 

C,Hg.C,(HNa,)0, + 2CH,I = 2NaI + C,H,.C,H(CHg),0,, 

mBoSacetlc ether. loaide of methyle. Dimethacetlc or butyric ether. 

* Butyric acid and some of its homologues (as valerianic and caproic) appear to be present 
in the perspiration the skin, and to cause the disagreeable odour of close rooms. 
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So that butyiifi add may be regarded, according to the method by which 
it ia produced, ehhei as ethacetic acid, formed from acetic acid by the 
eubstatution of an equivalmit of ethyle for one of hydrogen, or as dimeth- 
acetic acid, resulting from the substitution of two equivalents of methyle 
for two of hydrogen. 

When disodacetic ether is acted on by iodide of ethyle, it yields dieth- 
acetic ether— 

C,H,.C.(HIfa3)0, + 2C,HJ = 2^1 + CsH,.CjH(C,H«),0,. 

Disodacetic ether. Iodide of ethyle. Diethecetlc ether. 

This ether has an odour resembling {^ppermint, and its composition is 
the same as that of caproic ether, CJHpC8H^OJ; but the diethacetic acid 
prepared from it, though isomeric with caproic acid (CjHjjOj), is not 
identical with it. 

The acid next in the series, oenanthic (HCyH^Og), may be obtained 
from the ether produced by the action of iodide of amyle upon sodacetic 
ether— 


C,H,.C8(H8lfa)0, 

Sodacetic ether. 


= 

Iodide of 
oinyle. 


Nal + 

Amyl-acetlc ethcr^ 


From this ether, the amyl-acetic acid, H.CjHj,(C 5 Hjj)Oj, which appears 
to be identical with oenanthic acid, has been obtmned. 

These reactions help to explain the production of several of the alco¬ 
hols corresponding to the acetic series of acids, during the fermentation 
of grape husks (marc of the wine-press). 


Among the products of the action of sodium and ethylic iodide upon acetic ether, 
is a liquid having the composition 0 gHi 40 a, which, when distilled with alkaline 
bases, yields ethylated acetom^ C 3 H 8 (C 2 H 8 ; 0 , isomeric with the acetone of propionic 
acid (propione, CglljoO)— 


CgHigOs 


BaO.HjO 


= C,H,oO 
Ethylated 
acetone. 


CaHgO + BaO.CO,. 
AlcoboL 


Another liquid produced by the action of ethylic iodide nppn disodacetic ether has 
the composition CjoHjgOa, which famishes diethylaied acetone, CjHgiOjHghO, when 
distilled with baryta wato— 


CioHjgOg + BaO.HjO = CyH.gO + 

Dietbylated 

acetone. 


CgHgO 

AlcoboL 


+ BaO.COg 


Diethylated acetone is a li(]^nid smelling-of camphor, and boiling at 280‘ F. It is 
isomeric with butyrone, which boils at 290” F., and with oenanthic aldehyde or 
oenanthole, which boils at 312” F. 

By treating acetic ether with sodium and methylio iodide, the corresponding 
methylated acetones may be obtained. 

M^ylated acetone, CgH,(0Ug)0, has the odour of diloroform, and isadenticel witii 
the ethyl-acetyle, OgH,O.CgH„ obtained by the aetbn of zinc-etiiyU upon (Mcaide 
of acelyle. 

Dimethylated acetone, CgHg(CHg)|0, has an odour of pardey. 

Valerianic atsid (RCgHgOg) derives interest from the dreumstance 
that some of ii» ddts, particulaily the valerianate of zine, dn used medi¬ 
cinally. 

This acid is found in valerian root, and in^the hemes of the gaelder>- 
rose. It is one cause of the peculiar odour of decaying cheese, and of 
-k, whale and seal oils. * 

Artifida^^ it is best obtained by distilling fousel oil (amylic alcohol, 
CgHjgO) |vm iul|ihuiic .add and bichromate of potash, when the oxy^m 



CHEJUSTBY OF SOAP. 

of tie duojnic acid converts part of the amylic alcohol into vakiiamo 
acid— 

CjHjjO {JfmuaoO) + 0, = CfiH^O, (ral(r<a«ieae<<8 + H,0. 

The distilled liquid is really a mixture of valerianic acid and valeria¬ 
nate of amyle (CgHu.C,HgOs), but vrhen treated with caustic potash, the 
latter is decomposed, yielding fousel oil and valerianate of potash. ^ 

C,H^.C,H,0, + KHO = C,H„.HO + K.C,H,0,. 

Valeriomi^ of amyle. Fouiiel oiL Valerianate of potaah. 

By distilling the valerianate of potash with sulphuric acid, the valeri¬ 
anic acid is obtained as an oily liquid of very remarkable odour, which 
recalls that of butyric acid. 

406. The separation of the volatile acids belonging to the acetic series 
is a problem which frequently presents itself to the chemist, and is 
effect^ by a very instructive process of partial saturation^ founded upon 
the principle, that when a mixture containing two acids with different 
boiling points is partially neutralised by an alkali and distilled, the more 
volatile of the two acids (i.e., that having the lower boiling point) will 
pass over, whilst the other remains in combination with the alkali. 

In applying this method, for example, to a mixture of valerianic acid 
(boiling at 347® F.) and butyric acid (boiling at 315® F.), in unknown 
proportions, the liquid would be divided' into two equal parts, one of 
which would be exactly neutralised with potash, and then disced to¬ 
gether with the other hal£ If there were just enough valerianic acid to 
combine with the potash, pure valerianate of potash would be left in the 
retort, and the more volatile butyric acid would pass over. If there were 
more valerianic acid than would be reqriired to combine with the potash, 
the excess of that acid would distil over, together with the butyric acid, 
whilst valerianate of potash alone would be left in the retort. By distill¬ 
ing this salt with STilphuric acid, the pure valerianic acid would be ob¬ 
tained, and the separation of the rest of the valerianic from the butyric 
acid would be .effected by one or two repetitions of the process. 

If the valerianic acid present in the mixture were not in sufficient 
quantity to combine with the potash added, then butyrate of potash, as 
well as valerianate, would be left in the retort, and pure butyric acid would 
distil over. By distilling the mixture of valerianate and butyrate of 
potash with sulphuric acid, a mixture of the two acids would be obtained 
which would require a repetition of the process. 

In any case, it will be observed that this process must yield one of the 
acids in a state of purity. 

The same principle applies to the separation of three or more volatile 
acid^ but the process involves, of course, a greater number of distillations. 

407. Soap. —The manufacture of soap affords an excellent instance of 
a process which was in use for centuries before anything was known of 
the principles iipon which it is based, for it was not till the researches of 
Chevreul were published, ul 1813, that any definite ideas -were entert«aned 
with respect to the compositvn of the various fats and oil» from which 
soaps axe made. 

The investigations of Chevreul are conspicuous among the labours 
which have contributed in so striking a manner to the rapid advancement 
of chemistry du ring ^ present cent^ undertaken when the dremistry 

2 N 
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of oTganio BuTMtances had scajpcely advanced "beyond the dignity of an art, 
when the prindples of classification were almost entirely empirical, and 
hardly any resewrch had been published which could serve as a model, 
these researches reflect the remarkable sagacity and accuracy of their 
author. 

The sense of our obligation to this eminent chemist is further increased, 
when we remember that the ultimate analysis of oi^^anic substances was 
then effected by a very difficult and laborious process, whilst the doctrine 
of combining proportions was so imperfectly understood, that it could afford 
but little assistance in confirming or interpreting the results of analysis. 

All soaps result from the action of the alkalies upon the oils and ffits. 

In the manufacture of soap, potash and soda are the only alkalies em¬ 
ployed, the former for soft, the latter for hard soaps. 

^e flitty matters employed by the soap-maker are chiefly tallow, palm 
oil, cocoa-nut oil, and kitchen stuff, for hard soaps, and seal oil and whale 
oil for soft soaps. 

In the manufacture of hard soap, the alkali is prepared by boiling a 
solution of carbonate of soda (soda-ash) with lime to remove the carbonic 
acid— 


Na..O.CO, 


CaO.H,0 = 


CaO.COs + Na,0.H,0 (or 2NaHO) 


the clear solution of hydrate of soda, or soda-ley, being drawn off from 
the insoluble carbonate of lime. 

The tallow is at first boiled with a weak soda-ley, because the soap 
which is formed is insoluble in a strong alkaline solution, and would 
envelope and protect a quantity of undecomposed tallow j in proportion 
as the saponification proceeds, stronger leys are added, until the whole of 
the grease has disappeared. In order to separate the soap which is 
dissolved, advantage is taken of the insolubility of soap in solution of salt 
a quantity of common salt being thrown into the boiler, the soap rises to 
the surface, when the spent ley is drawn off from below, and the soap 
transferred to iron moulds that it may harden sufficiently to be cut up 
into bars. 

In order to understand the chemistry of this process, it is necessary to 
know that tallow is a mixture of two fatty substances, one of which, 
stearine* (CByHii^Oj,), is solid, and the other, oleine (C„Hj^Og), liquid, 
the quantity of stearine being about thrice that of oleine. 

When these fats are acted upon by soda, they undergo decomposition, 
furnishing stearic and oleic acids, which combine with the soda to form 
soap, whilst a peculiar sweet substance, termed glycerine, passes into 
solution; the nature of the decomposition in each case will be understood 
from the following equations:— 


C3H^(C„H^0),.03 + 3(mHO) = 3Na(C„H3,0)0 + 

Steailne. Stearate ofaoda. 


drceri^e. 


+ 3(NaHO) = 3Na(C,gH.B0)0 -h C.H,0„ 

01eln& Oleateof aoda. ^ Glycerine. 


so that the soap obtained by boiling tallow wiiih soda is a mixture of the 
stearate of soda with about a third of its weight of oleate of soda, and 
from 20 to 30 per cent of water. 

, Palm oil is composed chiefly of palmitine (CuHmO,), a solid fat which 


• Srlttp, tallow. 
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is lesolved by boilmg mth soda into palmitato of soda (palm oil soap) and 
glycerine— 

CA(CAO)A + 3(NaH0) = 3Na(C„B^0)0 + 0^0,. 

Palmitlna Fatmiute of aoda. Glyeeifoe. 

In the fish oils, the predominant constituent is oleine, so that when 
boiled with hydrate of potash, they yield oleate of potaj^ (KC„H,0,), 
which composes the chief part of soft soap. 

Castile soap is made from olive oil, which contains oleine and a solid fat 
known as margarine. The latter appears to be really composed of p aJmi- 
tine and stearine, so that the Castile soap is a mufture of oleate, palmitate, 
and stearate of soda. 

The peculiar appearance of mottled soap is caused by the irregular dis¬ 
tribution of a compound of the fatty acid with oxide of iron, which 
arranges itself in veins throughout the mass. If the soap contained too 
much water, so as to render it very fluid when transferred to the moulds, 
this iron compound would settle down to the bottom, leaving the soap 
clear, so that the mottled appearance is often regarded as an indication 
that the soap does not contain an undue proportion of water j it is imi¬ 
tated, however, by stirring into the pasty soap some sulphate of iron and 
a little impure ley containing sulphide of sodium, so as to produce the 
dark sulphide of iron by double decomposition.* 

In the manufacture of yellow soap, in addition to tallow and palm oil, 
a considerable proportion of common rosin (see p. 465) is added to the soap 
shortly before it is finished. 

Soft soap is not separated from the water by salt like hard soap, but is 
evaporated to the required consistency. 

Transparent soaps are obtained by ^ying hard soap, dissolving it in hot 
spirit of wine, and pouring the strong solution into moulds after the greater 
part of the spirit h^ been distilled off. 

Silicated soap is a mixture of soap with silicate of soda. 

Glycerine soap is prepared by heating the fat with alkali and a little 
water to about 400" F. for two or three hours, and running the mass at 
once into moulds. It is, of course, a mixture of soap and glycerine. 

The proportion of water in soaps is very variable, some specimens con¬ 
taining between 70 and 80 per cent. The smallest proportion is about 30 
per cent. 

The theory of saponification, stated above, has received the strongest 
confirmation within the last few years, by the synthetic production of the 
fats from glycerine and the fritty acids formed in their saponification. 

Preparation of the fatty acids. —^All the soaps, when mixed with acids, 
undergo decomposition, their alkalies combining with the acid added, 
whilst the fatty acids separate either in the solid form (in the case of stearic 
and palmitic acids), or as an oily liquid (in the case of oleic acid). Thus, 
if soap obtained by boiling tallow with soda be dissolved in hot water, 
and mixed with an excess of tartaric acid, an oil rises to the surface which 
concretes int# a buttery mass on cooling. Tliis mass, composed of stearic 
and oleic acids, is submitted to pressure in order to separate the grater 
part of the liquid oleic add. and the stearic acid which is left is purified 
by ciystallisation, first from* alcohol, and afterwards firom ether. 

Stearic acid is thus obtained in transparent colourless plates which have 

* A soap which contains nuch more than 80 per cent, of water is said not to admit of 
mottling. 
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th.6 compositioii ; they are, of course, insoluble in water, but 

dissolve in hot alcohol, the solution being acid to test-papers. 

All the stearates are insoluble in water except those of the alkalies, so 
that if a solution of common soap (containing stearate of soda) be mued 
with a solution of lime or magnesia, a stearate of lime or magnesia is 
separated in the insoluble form, and it will be remembered that this 
decomposition of soap is produced by the action of hard waters (page 44). 

408. Candles.— Since tallow fuses at about 100® F., and stearic acid 
not below 169°, it is evident that, independently of other considerations, 
the latter would be better adapted for the manufacture of candles, for such 
candles would never soften at the ordinary atmospheric temperature in 
any climate, and would have much less tendency to gutter in consequence 
of the excessive fusion of the fuel around the base of the wick. The 
gases furnished by the destructive distillation of stearic acid in the wick 
of the candle bum with a brighter flame than those produced from tallow. 
Accordingly the manufacture of stearine (or more correctly, stearic acid) 
candles* hu now become a very important and instructive branch of 
industry. 

The original method of separating the stearic acid from tallow on the 
large scale, consisted in mixing melted tallow with lime and water, and 
heating the mixture for some time to 212° by passing steam through it. 
The tallow was thus converted into the insoluble stearate and oleate of 
lime, which was drained from the solution containing the glycerine, and 
decomposed by sulphuric acid. The mixture of stearic and oleic acids 
thus obtained was cast into thin slabs, which were packed between pieces 
of cocoa-nut matting, and well squeezed in a hydraulic press, which forced 
out the oleic acid, leaving the stearic and pahaitic acids in a fit state for 
the manufacture of candles. 

The separation of the solid fatty acids from tallow and other fats may 
also be effected by the action of sulphuric acid, a process extensively 
applied in this country to palm and cocoa-nut oils. These fats arc mixed 
in copper boilers with about one-sixth of their weight of concentrated sul¬ 
phuric acid, and heated by steam to about 350° F. for some hours, when 
part of the glycerine is converted into sulphoglyceric acid (CgHgOySOg), 
and the remainder is decomposed by the sulphuric acid, carbonic and sul¬ 
phurous acids being disengaged, whdst a dark-coloured mixture of palmitic, 
stearic, and oleic acids is left. A part of the oleic acid becomes converted 
in tliis process into elaidie acid, which has the same composition, but 
differs from oleic acid in fusing at about 113° F., so that the amount of 
solid acid obtained by this process is much increased. This mixture is 
well washed ftom the adhering sulphuric and sulphoglyceric acids, and 
transferred to a copper still into which a current of steam is passed, which 
has been raised to about 600° F. by passing through hot iron pipes. 
These fatty acids could not be distilled alone without decomposition, but 
under the influence of a cunent of steam they pass over readily enough, 
leaving a black pitchy residue in the retort, which is employed in making 
black sealing-wax, and for other usefhl purposer. 

The distilled fatty acids are broken up and pressed between cocoaruut 
matting to- reahpve the oleic acid. ° 

One gmat advantage of this process, which is commonly, though incor- 
.'lectly, styled the mpm^kedim by mlphurie add, is its allowing the con- 

* ^ ITM imAilA nf a mlw4ni«A ATirl nAlml4{/i aaIi^a 
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veision of the worst kinds of refose &t into a form fit tor the xoanufactuie 
of candles ; thus the fat extracted from bones in the manufacture of glue, 
and that removed from wool in the scouring process, may be turned to 
profitable account. 

It win be remarked that in this process the palmitic, stearic, and oleic 
acids are formed from the palmitine, stearine, and oleine existing in the 
fats, by the assimilation of the elements of water and the subsequent 
separation of glycerine, just as in the ordinary process of saponification 
by means of all^ea 

Strictly speaking, the action appears to consist of two stages; for when 
concentrated sulphuric acid is allowed to act upon the natural fats in the 
cold, it combines with each of their ingredients, forming the acids known 
as sulphostearic, sulphopalmitic, sulpholeic, and sulphoglyceric, which are 
soluble in water, though not (with the exception of the last) in water 
containing sulphuric acid. 

The second stage consists in the decomposition of the sulpho-fatty acids 
by the high temperature in contact with steam, the sulphoglyceric acid 
having been in great measure decomposed into secondary products before 
the distillation is commenced. 

Witliin the last few years, the extraction of the solid acids from the 
natural fats has been eifected by a process known as sajjmijicution hy 
steam, which allows the glycerine also to be obtained in a pui'e state. It 
is only necessary to subject the fat, in a distillatory apparatus, to the 
action of steam, at a temperature of about 600° F., to cause both the 
fatty acids and the glycerine to distil over; the former may be separated 
as usual into solid and liquid portions by pressure, whilst the glycerine, 
which is obtained in aqueous solution below the layer of fatty acids, is 
concentrated by evaporation and sent into commerce as a very sweet 
coloui'less viscid liquid. The saponification of palmitine, for instance, by 
steam, would be represented by the equation— 

+ 3H,0 = + CAO,. 

Faluiitino. ruImiUc acid. Qlycerlne. 

409. In the artificial formation of natural fats, this change has been 
reversed, for by heating 3 molecules of stearic, palmitic, or oleic acid with 
1 molecule of glycerine, in a sealed tube, for several hours, to about 
500° F., 3 molecules of water ore eliminated, and stearine, palmitine, or 
oleine is produced. 

By a similar process, compounds have been formed from glycerine with 
one and two molecules of the fatty acids, so tliat we are acquainted, in the 
stearine series, for example, with— 

Stearic acid Glycerine. 

Monostparine, CaHA - CjgHggO, + CgHA “ 

Bistearifle, . = 2(C,8H3gOj) + CgHA ~ 2Hj,0 

Terstearine, . CjAoO# = “ 3HjO 

The last representing stearine as it exists in the natural fats. 

Nor is it only with the fetty adds, properly so called, that glycerine will 
furnish glycerides, as thes# bodies-are termed, similar compounds having 
been obtained will) acetic and benzoic acids. 

The hydrogen-acids are also capable of acting upon glycerine in a similar manner. 
Thus, when glycerine (CgHgOa) ^ ^ted on by hydrochloric acid, an oily liquid, 
MmhyMm (C,H>0,C1), is obtained, the glycerine having combined with 1 molecule 
of hydrochloric acid, and 1 molecule of water having been separated. 

JmcMifrhydnm (CA^Cl,) results from tbe union of glycerine with 2 molecules o' 
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hydrochloiio acid, and ceparation of 2 molecules of water; whilst, to form triMwhy- 
dri/ae (O^gGL), 8 molecules of hydrochloric acid are taken up, and 3 molecules of 
water removes , , . . 

By the action of oxide of silver, in presence of water, the chlorhydnnes may he 
reconverted into glycerine. The examination of these chlorhydrines has pomted 
out the method of effecting the conversion of a triatomic alcohol (glycerine) into a 
diatomic alcohol (glycol), for if chlorhydrine he acted on by sodium dissolved in 
mercury, in the presence of water, it is converted into the glycol of propylene— 

CsH^O.Cl + HjO + Na, = CjHgO, + NaHO + NaCl. 

Clilorlirdniia Fropyl-sIycCl. 

This tendency of glycerine to form compounds with the acids, the 
formation of which is attended (like that of the ethers from alcohol) with 
separation of the elements of water, has led chemists to look upon glyce¬ 
rine as an alcohol—ra view which is also supported by its combining with 
sulphuric and phosphoric acids to form sulphoglyceric and 

phosphoglyeeric acids, just as alcohol forms sulphovinic and phosphovinic 
acids. ' A compound has even been obtained, which is believed to stand 
to glycerine in a relation similar to that which other bears to alcohol; the 
formula of this glyceric ether^ as it is called, is CgHj^Oa, differing from 2 
molecules of glycerine (CgHjgOg) by the elements of 3 molecules of water. 

The formation of stearine from stearic acid and glycerine would then 
be quite analogous to that of acetic ether, for example, from acetic acid 
and alcohol, as will be seen by comparing the two equations— 

H.C,H,0, + CjHrHO = + 11,0 

Acetic acid. AlcohoL Acetic etlier. 


3(H.C„H,gOg) + CgH,.H ,03 = + SH^O . 

stearic «dd. Stearine. 

'J'he only difference between the two reactions is, that in the latter, 
3 molecules of acid are concerned, and 3 molecules of water are formed. 
This circumstance, taken together with some other features of glycerine, 
has induced those chemists who consider alcohol as formed upon the type 
of a molecule of water, to look upon glycerine as derived in a similar 
manner from 3 molecules of water, in which half the hydrogen is replaced 
by the triatomic radical, glyceryle r l-^us— 


Type . . . H ! ^yP® hJ j 

Alcohol . <%>3 

Ether . . | 0 Glyceric ether, | 

410. Glycerine is obtained on the small scale by boiling olive oil with 
litharge and water, until the stearic, oleic, and palmitic acids are converted 
into their lead-salts (lead plaster)^ which are insoluble, whilst the glyce¬ 
rine, together with a little oxide of lead, passes into solution. 'The lead is 
precipitated by hydrosulphuric acid, and the filtered liquid concentrated 
by evaporation. 

The chief uses of glycerine as an application to the skin, and a remedy 
in cases of deafness, depend upon its oily consistency, andMts want of 
volatility, which preserves surfi^es to which it ia applied in a moist and 
supple condition. 

Glycenne cannot be distilled alone without decomposition, though it has 
^ been seen to be capable of distillation in a current of highly heated steam. 
^ When^ deco^osed by distillation, it evolves very irritating vapours of 

'releim whidbi is a constant product of the destructive distUla- 
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tion of fats containing glycerine, and gives rise to the peculiar disgusting 
odour of a smouldering tallow candle; componte candles, being made of 
stearic and palmitic acids {without glycerine) do not emit this odour of 
acroleine when blown out. 

Acroleine is best obtained in the pure state by distilling glycerine 
with anhydrous phosphoric acid, which removes 2 molecules of water 
(CaHjOj — 2HjO = CjHp). It is a colourless liquid, distinguished l^its 
intensely irritating vapour, which affects the eyes very strongly. From a 
chemical point of view it is interesting, as being the aldehyde of the allyle 
series (see p. 474), and, therefore, another link connecting that series with 
glycerine. By treatment with oxide of silver, acroleine is converted into 
acrylic acid (CsH^Og), bearing the same relation to acroleine (CaH^O) that 
acetic acid (G,Hp,) bears to ordinary aldehyde (CjH^O). The iodide of 
allyle and allylic alcohol have been already noticed (p. 474). 

The allyle series, therefore, is perfectly parallel with the ethyl% series, 
and it seems very probable that allylic alcohol is a member of a homo¬ 
logous series of alcohols having the general formula C.Hj^O, with a series 
of acids corresponding to the acetic series, but having the general formula 
of which the following members are known :— 

Acrylic Series of Acids. 


Add. 

Acrylic . 

Crotonic 

Angelic . 

Pyroterebic 

Damaluric 

Campholic 

Moringic 

Hypogcic 

Physetoleic 

Oleic 

Doeglic . 

Braasic . 

Erucic . . 


Fonnnla. 



Oxidation of acroleine. 

Croton-seed oil. 

.\ngelica root. 

Turpentine. 

Cow’s urine a calf). 

Camphor. 

Moringa aptera (oil of ben). 

( Oil of ground nut. 

i S[)erm-whalo oil (Phy.<teter macrocephalus). 
Most oils. 

Docgling train oil. 

( Mustard seed (fixed) oil. 

( CoLsa oil (Brasttica olcifera). 


These acids are naonobasic, their salts being formed by the substitution of 1 equi¬ 
valent of a metal for 1 of hydrogen. 

Tlje following table exhibits the principal members of the allyle series, together 
with the corresponding members of the ethyle series:— 


• Ethyle Series. 

Ethyle, • . . CgHg.C 3 Hg 

Ether,... (C{S[g)gO 

Alcohol, . . C,H5.H0 

Iodide of ethyle, . 0,H,I 

Acetic eflier, Cj,Hg.O,HgO, 

Aldehyde, . . CgHgO 

Acetic acid,. . 

Sulphide of ethyle, (CjHj)jS 

Triethylamine, . N(CgHg), 


AlhjU Series. 

Allyle, . . CgHg-CgHg 

Allylic ether, . (CgHgl^jO 
Allylic alcohol, CgHB.HO 
Iodide of allyle, Cgllgl 
Acetate of allyle, CgHg-CsHgO, 
Allyle aldehyde, CjHgO (acroleine) 
Acrylic acid, . CgHgOg 


Sulphide of allyle, (C8 Hb)jS (oil of garlic) 
Triallylamine, . ^(CgHg), 


Hydrate of te- j ]y(c,H,) 4 .HO. 

traffylmm, . 1 
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It has been seen (p. 474) that glycerine, when distilled biniodide 
of phosphorus, yields iodide of allyle (CjHjI). When this liquid is treated 
’^th bromine it yields a crystellisable terbromide of allyle^ C,H, 3 r,; 
and if this be decomposed by acetate of sUver, it furnishes the glyceride 
known as terojodim^ thus— 

CABr, + 3AgC,H,0, = C,K. 3 C.H 30 , + 3AgBr. 

^ Terbromlde of allyle. Acetate of aUrer. Teracetine. 

When teracetine is submitted to the action of hydrate of baryta, glyce¬ 
rine is reproduced— 

2 ( 03 Hj. 3 C,HPJ -f- 3(Ba0.H,0) = 20^0, + 3Ba2C,HgO,. 

Teracetine Glycerine. Acetate of baryta. 

This affords an interesting example of the conversion of a monatomic 
radical, allyle (C 3 H 5 )', into a triatomic radical, glyceryle (CgHj)*'. 


411. A very interesting chemical similarity has been pointed out 
between glycerine and mannite (CgHj^Og). It will be remembered that 
the former is a constant product of the alcoholic fermentation, and the 
latter, of a peculiar kind of fermentation (the viscous), to which saccha¬ 
rine liquids are subject. 

When mannite is heated, under pressure, with the acids of the acetic 
series, it forms compounds corresponding to those obtained when glycerine 
is so treated. Thus, with stearic acid— 

C.II,. 0 . + ecji.o. = C.„H„.0„ + 7H,0. 

Mannite. Stoaiic acid. Mannite atearine. 


But it wUl be observed that 7 molecules of water are here eliminated 
instead of 3, as in the case of glycerine. The further examination of 
mannite explains this, for it is not that substance which is the true ana¬ 
logue of glycerine, but one which is obtained by heating mannite to 400“ F., 
when it loses a molecule of water, and is converted into marmUane — 

C«H Og - HgO = G„H,A. 

Maonlie. Mannitano. 


This mannitane or mannite-glycerine is a viscous substance, presenting 
a very strong resemblance to glycerine, so that it is not unlikely to have 
been mistaken for this substance in examining some of the natural fats. 
The mannito-glye^deSf or compounds formed by heating mannite with 
the fatty acids, are scarcely to he distinguished from steorine, palmitine, 
&C. They are saponified by alkalies in exactly the same manner. 

Cane-sugar and grape-sugar are capable of forming compounds corres¬ 
ponding to those obtained by the action of acids upon glycerine and 
mannite. Thus, if grape-sugar be heated to 250“ F. for several hours in 
contact with ste^c acid, it is converted into a fusible solid, insoluble in 
water, but soluble in alcohol and ether— 


CA.O. 

Grape-mgar 

(anhydrous). 


2CAOs = C,AA + 3^0- 

Stasrie add. Stearic glucose. 


When grape-sugar is heated with tartaric acid, % similar reaction takes 
place, but the resulting product is a new acid— 

+ 2H,C,HA * -i- 3H,0. 

Qluco-tartaric add. 

Cauesugi# h^i^ayes in a similar manner. 
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412. Nitroglyceririe, or glonoim. —^This violently ratplosive substance is 
very easily prepared by dissolving glycerine in a mixture of equal measures 
of the strongest nitric and sulphuric acids, previously cooled, and pouring 
the solution in a thin stream into a large volume of water, when the 
nitroglyceriue is precipitated as a colourless heavy oil (sp. gr. 1 *6). It is 
advisable to add the glycerine to the mixed acids in very sr^l quantities 
at a time, aift to cool the mixture in a vessel of water after each addition. 
When the nitroglycerine has subsided, the water may be poured olf, and 
the oil shaken several times with water, so as to wash it thoroughly. 
The formation of nitroglycerine resembles that of gun-cotton (see p. 497), 
three atoms of hydrogen being removed from the glycerine by the 
oxidising action of the nitric acid, and three of nitric peroxide introduced 
in their place— 

C,HA + 3(HN03) = CA(N0,),0» + 3H,0. 

Glycerine. Kitroglycerine, 

On a larger scale, a mixtaie of concentrated nitric acid (sp. gr. I'iT to 1 ' 49 ) with 
twice its weight of concentrated sulphuric acid is omjdoyed. The mixture is placed 
in stone jars containing about 7 Ihs. each, which are immersed in running water, and 
about 1 lb. of glycerine (sp. gr. 1 *25) is gradually added, with frequent stirring, to the 
contents of each jar, cate being taken that the temperature does not rise above 80" F. 
The mixture is allowed tu settle for a quarter of au hour, and ]>oured gradually into 
6 or 6 gallons of water. The oily nitroglycerine wiiich falls to the bottom is well 
washed by stirring with water, a little alkali being added in the lost washings. One 
per cent, of magnesia is sometimes added to the nitroglycerine in order to neutralise 
any acid arising from decomposition. 

This oil is very violent in its explosive ellects. If a drop of nitro¬ 
glycerine he placed on an anvil and struck sharply, it explodes with a 
very loud report, even though not free from water; and if a piece of 
paper moistened with a drop of it bo struck, it is blown into small frag¬ 
ments. On the application of a flame or of a red-hot iron to nitro¬ 
glycerine, it biums quietly; and when heated over a lamp in the open air 
it explodes hut feebly. In a closed vessel, however, it explodes at about 
360® r. with great violence. For blasting rocks, tlie nitroglycerine is 
poured into a hole in the rock, tamped by flUing the hole wiUr water, 
and exploded by the concussion caused by a detonating fuse (see p. 500). 
It has been stated to produce the same effect in blasting as ten times its 
weight of gunpowder, and much damage has occurred from the accidental 
explosion of nitroglycerine in coiu'se of transport. When nitroglycerine 
is kept, especially if it be not thoroughly washed, it decomposes, with 
evolution of nitrous fumes and formation of crystals of oxalic acid ; and 
it may be readily imagined Hiat, should the accumulation of gaseous pro¬ 
ducts of decomposition burst one of the bottles in a case of nitroglycerine, 
the concussipu would explode the whole quantity. 

Nitroglycerine is particularly well fitted for blasting, because it will 
explode with equal violence whether moisture he pi'esent or not. On the 
other hand, it is very poisonous, and is said to affect the system seriously 
by absoiption through the skin, and the gases resulting from its explo¬ 
sion are excaedingly acrid. Again, its fluidity prevents its use in any 
but downward bore-holes.* To overcome these objections, and to diminish 
the danger of transport, several blasting compounds have been proposed, 
of which nitroglycerine is the basis. 

Dynamite is composed of a particularly porous siliceous earth, obtained 
from Oberlohe in Hanover, impregnated with about 70 per cent, of 
nitroglycerine. 
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CHyoxyline is a name given to gun-cotton pulp and saltpetre mixed with 
nitroglycerme. Lithofracteur is a more complex mixture ooutainuig 
about half its weight of nitroglycerine, together with nitrate of soda, 
sulphur, powdered coal, sawdust, and siliceous earth. Dualine is com¬ 
posed of nitroglycerine and sawdust. 

Nitroglycerine is readily soluble in ether and in wood-naphtha, but 
somewhat less so in alcohol j it is reprecipitated by water frffm these last 
solutions. It becomes solid at 40® F., a circumstance wliich is unfavour¬ 
able to its use in mining operations, partly because it is then less sus¬ 
ceptible of explosion by the detonating fuze, and partly because serious 
accidents are said to have resulted from attempts to thaw the frozen 
nitroglycerine by heat, or to break it up with tools. It is remarkable 
that when made oh the small scale, the nitroglycerine may generally 
be cooled down to 0° F. without becoming hard. This and other 
observations render it probable that some other substitution product is 
occasionally mixed with it. 


Oils and Fats. 

413. A very remarkable feature in the history of the fats is the close 
resemblance in chemical composition and properties which exists between 
them, whether derived from the vegetable or the animal kingdom. They 
all contain two or more ncutml substances which furnish glycerine when 
saponified, together with some of the acids of the acetic series or of series 
closely allied to it. 

One of the most useful vegetable fatty matters is pulm-oU, which is 
extracted by boiling water from the crashed fruit of the Klnu gnineensis, 
an African palm. It is a semi-solid fat, which becomes more solid when 
kept, since it then undergoes a species of fermentation, excited apparently 
by an albuminous substance contained in it, in consequence of which the 
palrnitine (CsjH^Oa) is converted into glycerine and palmitic acid. Tlie 
bleaching of palm-oil is effected by the action of a mixture of sulphuric 
or hydrochloric acid and bichromate of potash, which oxidises the yellow 
colouring matter. 

Cocoa-nut oil is also semi-solid, and is remarkable for the number of 
acids of the acetic series which it yields when saponified, viz., caproic, 
caprylic, rutic, lauric, myristic, and palmitic. 

These fats are chiefly used in the manufacture of soap and candles. 

Salad oil, or sweet oil (olive oil), is obtained by crashing olives, and an 
inferior kind which is used for soap is obtained by boiling the crushed 
fruit with water. When exposed to a temperature of about 32® F. a con¬ 
siderable portion of the oil solidifies ; this solid portion is generally called 
margarine ; it is much less soluble in alcohol thsuu stearinc, 

though more so than palmitiue. When saponified, margarine yields 
glycerine and margaiic- acid (C^Hj^Og). This acid appears to be really 
composed of stearic and palmitic acids, into which it may be separated by 
repeated crystallisation from alcohol, when the palmitic acid is left in 
solution. The fusing-point of margaric acid Uf 140° F., that of stearic 
being 169°, and that of palmitic, 144°, but a clixture of 10 parts of pal- 
^ mitic with 1 part of stearic acid fuses at 140°. 

That portion of the olive oil wldch remains liquid below 32° con¬ 
sists of and forms nearly three-fourths of its weight. 

^ Oleine is" not so .easily saponified as tlie solid fats, and is resolved by 
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that procesB into glycerine and olac acid (CjgH^O^, which differs from the 
other fatty acids by remaining liquid at temperatures above 40° F., and 
by absorbing oxygen from the air, when it is converted into a new acid 
which is not solidified by cold. 

Oleic acid is used in greasing wool for spinning, being much more 
easily removed by alkalies tlian olive oil which was formerly employed. 
Oleate of ammonia is sometimes employed as a mordant for the anUine 
dyes on cotton. 

The characteristic feature of oleic acid is its furnishing a solid crys¬ 
tallised acid when submitted to destructive distillation; this acid is called 
sebaeic acid, and is one of a series of dibasic acids, most of the other mem¬ 
bers of which may be obtained from oleic acid by the action of nitric acid. 


Dibasic Fatty Acid Series. 


▲cid. 

Formula. 

Source. 

Oxalic 
Mulouiu 
Succinic . 
Lipic 

Adipic 

Pimclic 

Suberic 

Auclioic* , 

Lepargylict 

Sebaeic 

CaH.O, 

0311,0, 

O 4 H 8 O, 

CaHgO, 

0«H,qO, 

C 8 H,, 0 , 

1 

OioHjgO, 

OmUs acetoselki (wood sorrel), &c. 

Oxidation of malic acid. 

Amber (succCnum). 

0.\.idation of oleic acid fat). 

„ „ (adejjs/ca), 

,, ,, fat). 

Oxidation of stearic acid, and of cork {mber). 

Oxidation 0 f Chinese wax, and of cocoa-nut oi 1. 

Distillation of oleic acid. 


The neutral salts of the acids of this series are formed by the displace¬ 
ment of two atoms of hydrogen by a metal. Thus, neutral succinate of 
l)otash has the composition 04 ( 11 ^X 2 )(I,. 

It is worthy of remark, that nine acids of the series, (from 

acetic to capric inclusive), are found among the products of the action of 
nitric acid upon oleic acid. 

It is well known that salad oil becomes rancid, and exhales a disagree¬ 
able odour after being kept for some time. This appeals to be due to a 
fermentation similar to that noticed in the case of palm oil, originally 
started by the action of atmospheric oxygen upon albuminous matters 
present in the oil j the neutral fatty matters are thus partly decomposed, 
as in saponification, their corresponding acids being liberated, and giving 
rise (in the* case of the higher members of the acetic series, such as caproic 
and valeriaflic) to tire disagreehle odour of rancid oil. By boiling the 
altered oil with water, and afterwards wasliing it with a weak solution of 
soda, it may be rendered sweet again. 

Almond oil, extracted by a process similar to that employed for olive oil, 
is also very Similar in composition j but coha oil, obtained from the seeds 
of the Brassica oldfera, Contains only half its weight of oleine, and hence 
solidifies more readily thanathe others. 

Colza oil is largely used for burning in lamps, and undergoes a process 
of purification from the mucilaginous substances which are extracted with 

• From throttle, from its STiffocatiug vaifouts. 

t From Xifcapyoi, having v^kite tkin. 
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it &om the seed, imd leave a bulky carbonaceous residue when Bttbjjeuted 
to destructive distillation in the wick of the laiup. To remove these, the 
oil is agitated with about 2 per cent, of oil of vitriol, which carbonises 
the mucilaginous substances, but leaves the oil untouched. When the 
carbonaceous flocks have subsided, the oil is drawn off, washed to remove 
the acid, aud filtered through charcoal. - 

Lilfseed oil, obtained from the seeds of the flax plant, is much richer in 
oleine than any of the foregoing, exhibiting no'eblidification till cooled 
to 15° or 20° F. below the freezing point. It exhibits, however, in a far 
higher degree, a tendency to become giQlid when exposed to t he air^ which 
1 has acquired for it the ntmie of a drying oil, anil renders it of tli^gieatest 
'' *use to painters. This soUdiflcation is attended with absorption of oxygen, 
which takes place so rapidly in the case of linseed oil, that spontaneous 
combustion has been known to take place in masses of rag or tow which 
have been smeared with it.* 

The tendency of linseed oil to solidify by exposure is much increased by 
heating it with about ^’^th of litharge, or y’^^th of binoxide of manganese; 
these oxides are technically known as dryers, and oil so treated is called 
boUed linseed oil. The action of these metallic oxides is not well understood. 

The strong drying tendency of linseed oil is supposed to be due to a 
peculiarity in the oleine, which is said not to be ordinary oleine, but to 
furnish a different acid, linoleic acid, when saponified. When linseed oil 
is exposed for some time to a high temperature, it becomes viscous and 
treacly, and is used in this state for the preparation of printing-ink. If 
the viscous oil be boiled with dilute nitric acid, it is converted into artifi¬ 
cial caoutchouc, which is used in the manufacture of surgical instruments. 
This property appears to be connected with the drying qualities of the oiL 
Castor oil, obtained from the seeds of liicinus communis, also yields a 
peculiar acid when saponified, termed rieinokic containing 

one more atom of oxygen than oleic acid, wbicli it much resembles. The 
destructive distillation of castor oil yields oenanthie acid (H.C 7 H^O,), and 
(Bnanthoh or oenanthie aldehyde and by distilling it with caustic 

potash, caprylic alcohol (CgH,gO) is obtained. As in the case of olive oil, 
the cold drawn castor oil, which is expressed from the seeds without the 
aid of heat, is much less liable to become rancid. Castor oil is much 
more soluble in alcohol than any other of the fixed oila 
The various fish oils, such as seal aud wliale oil, also consist chiefly of 
oleine, and appear to owe their disagreeable odour to the presence of cer- 
tain volatile acids, such as valeriauic. 

Cod-liver oil appears to contain, in addition to oleine and stearine, a 
small quantity of acetine which yields acetic acid and glycerine 

when saponified. Some of the constituents of bile have also baen traced 
in it, as well as minute quantities of iodine and bromine. • 

Butter contains about two-thirds of its weight of solid fat, which con¬ 
sists in great part of margarine (see p. 574), but contains also Imtine, which 
yields glycerine and Imtic acid (H.CaytI»Os) when saponified. The liquid 
portion consists chiefly of oleine. Butter also contains small qMautites of 
butyrine, caproine, and caprine, which .yield, whfcn saponified, glycerine 
and butyric (KCgHjOj), caproic (H.CgHjjOJ, thnd capric (H.CjoHigOj) 
icids, distinguished for their disagreeable odour. 

* During tltk oxi^Uon, a volatile compound ie fonned which resembles ocroleine in 
smel^ jmd c<4odn paxier Inown. It has been augKcsted that the brown colour 

ud moaty smell of old hooks may be due to the oxidation m the oil in the printing-ink. 
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' Fresh butter hw little odour, being fi?ee from these volatile acids, 
but if kept for some time, especially if the caseine of the milk has been 
imperfectly separated in its preparation, spontaneous resolution of these 
fats into glycerine and the volatile disagreeable acids takes place. By 
salting the batter this change is in great measure prevented. « 

The fat of the sheep and ox {met^ or when melted, taXlow), consists chiefly 
of stearine, whilst in that of the pig (lard) oleine predominates to ^bout 
the same extent as in butter. Margarine (or palmitine 1) is also present in 
these fats. B&nzoated lard contains some gum benzoin, which prevents 
it from becoming rancid. 

Human fat contains chiefly oleine and margarine (or, if we do not admit 
the independent existence of the latter, palmitine and stearine). 

Sperm oil, which is expressed from the spermaceti found in the brain 
of the sperm whale, owes its peculiar odour to the presence of a fat which 
has been called phocenine, but which appears to be vnlerine, as it yields 
glycerine and valerianic acid (H.CaH,Oj) when saponified. 

The beautiful solid crystalline fat, known as spermaceti ox eetine, differs 
widely from the ordinary fatty matters, for when saponified (which is not 
easily effected), it yields no glycerine, but in its stead another alcohol 
termed ethal (C^Hj^O), which is a white crys^Talline solid, capable of being 
distilled without decomposition. 

The soap prepared from spermaceti, when decomposed by an acid, yields 
palmitic acid (H.C„H 3 iOg), (formerly called dhalic acid), to which ethal is 
the corresponding alcohol 

Palmitic acid and ethal are formed irom spemaceti by the assimilation of the 
elements of water, just os stearic acid and glycerine are formed from stearine— 

^^33^(540., + HgO = f',glT340 + H.CjflHsjOj, 

PalnUtlcacld. 

Upon the compound radical theory, ethal would be represented as cetylic hydrate 
(CjjHgglHO, and as the alcohol of the cctyle series, ninning pamllel with the ethyle 
scries. The following characteristic members of tlie series have been studied ;— 


CelyU Series. 

Cetylene, 

Cetylic ether, (CisHjglaO 
Ethal, C„H„.HO 

Palmitic acid, CigHg,0,.H 
Siiermaceti, C^Hjg.CjgHgiOa 


Ethyle Series. 
Ethylene, C,H 4 

Ether, 

Alcohol, CjHg.HO 

Acetic acid, 0,11,0,. H 
Acetic ether, C,H,.0,11,0, 


Chinese wax, the produce of an insect of the cochineal tribe, is analogous 
in its chenijical constitution to spermaceti When saponified by fusion 
with caustic potash, it yields eerotine or cerylic alcohol (C,yH,^.HO), 
corresponding to ethal, and cerotic acid (ILC^Hj^O,), corresponding to 
palmitic acid. Cerotic acid is also contained in ordinary bees’ wax, from 
which it may be extracted by boiling alcohol, and cryst^ises as the solu¬ 
tion cools. •It forms about two-thirds of the weight of the wax. Cerotic 
acid is found among th* products of oxidation of paraffine by chromic 
acid. , 

Seed wax also contaius about one-third of its weight of myricine 
(C4,h,.o,), a substance analogous to spermaceti, which yields, when sapo¬ 
nified, palmitic acid and meiissine (Cg^il^i.HO), tm alcohol corresponding 
to ethal The colour, odour, and tenacity of bees’ wax appear to be due 
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to the presence of a greasy substance called ceroleine, which forms about 
'j^th of the wax, and has not been fully examined. The tree wax of 
Japan is said to be pure palmitine. _ ^ 

Wax is bleached for the manufacture of candles, by exposing it in thm 
strips or ril^ds to the oxidising action of the atmosphere, or by boiling 
it with nitrate of soda and sulphuric acid. Chlorine also bleaches it, but 
displaces a portion of the hydrogen in the wax, taking its pl^e and causing 
the evolution of hydrochloric acid vapours when the wax is burnt. 

The following table includes the principal fatty bodies and their corresponding 
acids, with their fusing points :— 


Keatral 

fats. 

Formula. 

Chief 

Source. 

Fusing 

Point. 

Fatty 

Adda. 

Formula. 

Faring 

Point. 

Steailne* 


Tallow 

125“ to 167° 

Stearic 


169° 

Palmitine 


Palm oil 

114° to 146° 

Palmitic 


144° 

HarRarlne 


Olive oil 

116° 

Margaric 

c„n„o. 

140“ 

Oleine 


f1 

Below 32° 

Oleic 


40’ 

Cetlne 


Spermaceti 

120° 

Palmitic 

C,„H„0, 

144° 

Mriidne 


Bees' vyix 

162° 





VEGETABLE ACIDS. 

414. Oxalic acid .—^This very poisonous acid occurs pretty abundantly 
in the vegetable kingdom, being found in the leaves of the wood sorrel as 
binoxalate of potash {mlt of sorrel, KHCaO^.Aq.), in the stalks of 
rhubarb, in some sea-wceds, as oxalate of soda, and in lichens, some of 
which contain more than hdf their weight of oxalate of lime. Oxalate of 
lime has also been found in wood. In certain unhealthy conditions of the 
animal frame, oxalate of lime is produced, being either excreted in the 
urine, or forming a calculus {mulberry calculus) in the bladder. In such 
cases the oxalic acid appears to be formed in consequence of an imperfec¬ 
tion in that oxidising process by which the carbon and hydrogen of the 
various parts of the frame are finally converted into carbonic acid (00^) 
and water (HP), the production of oxalic acid (CaHpj representing the 
penultimate stage of that process. 

Guano contains a considerable quantity of oxalic acid in combination 
with ammonia and lime. 

With the exception of carbonic acid, no carbon compound is more com¬ 
monly met with than oxalic acid, as a product of the action of oxidising 
agents upon organic substances, especially upon those which ^o not con¬ 
tain nitrogen, such as sugar (CuHaOu), starch (C^Pj), «and woody 
fibre. 

Oxalic acid is largely employed in calico-printing, in cleansing leather 
and brass, as a solvent for Prussian blue in the preparation of blue ink, 
&c., and for taking iron-mould out 'of linen. It is manufactured on the 
large scale by oxidising sawdust with a mixture >?f hydrate of potash and 
hydrate of roda; the latter would not produce oxalic acid without the 
hydrate of potash, and this alone would be too expensive. 1 moL of 

* Stearim aii4 lialmitine tm said to prosent three Tnodificationa with different fhaing 
TOtata. %*ine recent obaervatiom appear to indicate that the ao-called palmitine of palm 
(nl really oontaina ateariae, oleine, a^ lanrino 
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hydrate of potash and. 2 mole, of hydrate of soda are mixed in solution, 
which should have the sp. gr. 1*35, made into a thick paste with saw¬ 
dust, and heated upon iron plates for several hours ; hydrogen is evolved, 
from the decomposition of the water in the alkaline hydrates, the oxygen 
serving to convert the wood into oxalic acid, which forms more than one- 
fourth of the weight of the grey mass finally obtained. On treating this 
mass with cold water, a quantity of oxalate of soda is left undissolved ; 
this is boiled with hydrate of lime, when the oxalic acid is converted 
into the insoluble oxalate of lime, and hydrate of soda is dissolved; 
the oxalate of lime is then decomposed by dilute sulphuric acid, when 
tlie sparingly soluble sulphate of lime is formed, and the solution yields 
crystals of oxalic acid (HaCg0^.2Aq.) on evaporation. The whole of the 
alkali originally employed is recovered by evaporating the liquors to dry¬ 
ness, calcining to destroy organic matter, and decomposing the alkaline 
carbonates with hydrate of lime. The sawdust yields about half its 
weight of crystallised oxalic acid. 

Before the introduction of this process, oxalic acid was sold at nearly 
twice its present cost, being then usually obtained by the action of nitric 
acid either upon molasses or upon starch-sugar* (p. 490) in leaden vessels, 
which were found to remain unattacked bydhe acid as long as any sugar 
remained unoxidised. 

For experiment on the small scale, oxalic acid may be prepared by gently heating 
100 grains of starch with IJ measured ounce of nitric acid (sp. gr. 1*88), when 
abundant fumes of nitrous acid (NgOg) will indicate the deoxidation suffered by the 
nitric acid. When this has abated, the solution may be transferred to a dish, aud 
slowly evaporated to about one-sixth of its bulk ; ou cooling, a mass of beautiful 
four-sided prismatic crystals of oxalic acid will be obtained. 

The crystals of oxalic acid may bo represented by the empirical formula 
CaHgOj, but when they are heated to 212° F. they lose water, melting 
first, if the beat be suddenly applied,+ but efflorescing without fusion if 
heated gradually. The dried or effloresced oxalic acid has the composi¬ 
tion showing that 2 mols. of water of crystallisation have been ex¬ 

pelled, and that the crystals w*ould be more correctly represented by 
CjjH.,0^.2Aq. On neutrdising oxalic acid with pota.sh and soda, salts are 
obtained which, when dried at 212° F., have the composition K^CjiO^, and 
and if solutions of these salts be precipitated hy nitrate of lead 
or of silver, the oxalates of lead (PbCjOJ and of silver (Ag^jC^Oj are 
obtained. If the dried acid be heated to about 320° F., it sublimes in 
crystals, but above that temperature it is decomposed into water, car¬ 
bonic acid, carbonic oxide, and some formic acid (see p. 657). When 
heated with dehydrating agents, such as sulphuric acid, it is also de¬ 
composed jnto carbonic acid and carbonic oxide (p. 8C). 

Oxalic acid is rather sparingly soluble in cold water, requiring about 
nine times its weight; hot water dissolves it more abundantly, and it is 
moderately soluble in alcohol. The aqueous solution is intensely acid, 
more nearly resembling the strong mineral acids than one of vegetable 
origin, and is exceedingly poisonous, a property which is the more 
dangerous on account o^the resemblance of the crystallised oxalic acid to 
Epsom salts (sulphate o:^ magnesia), from which, however, it may be 
readily distinguished by its sour taste and by the action of heat, which 

* Hence the common name, acid of anffar. 

t Bjr epddenly heating the crystals with a lamp in a test-tuhe, mneb of the acid may he 
sabKmed in long prismatic crystals. 
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entizely disputes the oxalic acid, but only expels water firom Epsom 
salts. Fortunately, a considerable quantity of the acid is requir^ to 
. cause death, in ordinary cases 100 grains or more. The chemical anti¬ 
dote employed to counteract its effect is chalk suspended in water, the 
lime of the chalk combining with the acid to form the insoluble and 
harmless oxalate of lime (CaO.CjOJ. The insolubility of the oxalate of 
lime renders the oxalic acid one of the most deUcato tests for lime, which 
may oe detected, for example, in common water, by adding oxalic acid 
and a slight excess of ammonia, when a white cloud of oxalate of lime is 
produced. Conversely, of course, salts containing calcium (chloride of 
calcium, for instance) may bo employed to detect oxalic acid, the precipi¬ 
tated oxalate of lime being distinguished from other similar precipitates 
by its insolubility in acetic acid. 

As might be expected from its composition (CjHjO^, oxalic acid is 
easily converted into carbonic acid and water by oxidising agents; thus, 
if a hot solution of oxalic acid be poured upon powdered binoxide of 
manganese, violent effervescence takes place from the rapid evolution of 
carbonic acid. 

Binoxalate of potash (KHCjO^.HjO) is sold under the names of salt of 
sorrel and essential salt of lemons, and is employed for the same purposes 
as oxalic acid. It is a sparingly soluble salt, requiring 40 parts of cold 
water to dissolve it, and has occasionally caused accidents by being mis¬ 
taken for cream of tartar (bitartrate of potash), from which it is readily 
distinguished by the action of heat, which chars the bitartrate, but not 
the binoxalate, an alkaline mass containing carbonate of potash being left 
in both cases. 

Quadroxalate of potash is also sometimes sold as 

salts of lemon; it is even less soluble than the binoxalate. 

Oxalate of ammonia ((NHJjCgO^.HjO), so much used in chemical 
analysis as a precipitant for. lime, is obtained by mixing solution of 
oxalic acid with a slight excess of ammonia, and evaporating the solu¬ 
tion, from which the oxalate of ammonia crystallises, on cooling, in fine 
prismatic needles. 

The action of heat upon this salt has been described at p. 540. 

Oxalate of silver (AgjCjjO^) is obtained as a white precipitate when 
nitrate of sUver is add^ to oxalate of ammonia. It is remarkable for 
being decomposed, with a slight explosion, when heated in the dry state, 
metsdlic silver beii^ left, Ag^jCgO, = Ag, + 2COj. 

415. Tartaric acid. —^The most important of the vegetable acids is tar¬ 
taric acid (C 4 H„Oj) which occurs in many fruits, but more especially in 
the grape, the juice of which deposits it, during fermentation, in the form 
of bitartrate of potash, which is known in commerce as taHorr or drgol. 
This salt dissolves with difficulty in cold water, but may be dissolved in 
boiling water, from which it crystallises in prisms on cooling. When 
thus purified, it is known as cream of tartar, and has the composition 
KHC^H^Oj, representing tartaric acid in which one atom of hydrogen has 
been replaced by potassium. The solution of this salt is acid to test- 
papers, and if it be neutralised with potash pnd evaporated, it yields 
crystals of a very soluble salt, having the composition This 

is the neutml tarixate of potash, cream of tartar being a bit^rate. The 
i crystaUised. tairtiu^ic acid is therefore regarded as 

In ordi^ to pr^re tartaric acid, which is largely used in dyeing and 
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calico-printing, the impure bitartrate of potash is boiled with water, and 
carbonate of lime (chalk) is added as long as it causes effenreseence from 
the escape of carbonic acid i the result of this change is the formation of 
tartrate of lime, which is insoluble, and tartrate of potash, whidi dissolves 
in the water— 

2(KHC,HA) + 2(CaO.COJ = 

BItaitrete of potash. Carbonate of lime. 

+ CaC,H,0. + H,0 + 2CO,. 

Tartrate of potash. Tartrate of lime. 

Chloride of calcium is then added to the mixture, which converts the 
whole of the tartaric acid into the insoluble tartrate of lime— 

K,C,H,0, + CaCl, = 2KG1 + CaC,H,0,. 

The tartrate of lime is strained off, washed, and boiled with diluted sul¬ 
phuric acid, when sulphate of lime remains undissolved, and tartaric acid 
may be obtained in crystals by evaporating the filtered solution— 

CaC,H,0, + H^O.SOg = + CaO.SO,. 

Tartrate of Ume. Tartaric acid. 

Large transparent prisms are thus obtained, which are soluble in about three- 
fourths of their weight of hot water. When kept, the solution, unless 
very strong, deposits a curious fungoid growth,* and acetic acid is found in 
it. Wheit heated to about 340° F., the crystals fuse without loss of 
weight; but on examining the fused mass, it is foimd to be no longer 
tartaric acid, but a mixture of two new acids. One of these, metatartaric 
acid, has the same formula as tartaric acid (H 3 C 4 H^Oe), but cannot be 
crystallised. Its salts are more soluble in water than the tartrates, and 
are converted into the latter when boiled with water. The other acid, 
isotartaric, is also uncrystallisable, but has the formula (HC^HgOJ. The 
isotartrate of potash (KCgHgOg) has the same composition as the bitartrate 
(KHC^HgOg), but is far more soluble. It is converted into that salt by 
boiling with water. 

At 374° F. tartaric acid loses water, and is converted into tartaric 
anhydride (CgHgOm), which is a white insoluble substance, convertible 
into tartaric acid by prolonged contact with water. 

Tartar-emetic. —One of the commonest salts of tartaric acid is tartar- 
emetic, the double tartrate of antimony and potash, which is prepared by 
boiling antimony with sulphuric acid, driving off the excess of acid by 
heat, and digesting the residual teroxide of antimopy with cream of tartar 
and a little water for some hours. The changes involved in the process 
are thus represented— 

8b, + 3(Hg0.S03) = SbjOg + 3H,0 + 380, 

Sb,V, + 2KHC4H4O, = 2(K.SbO.C4H4Q,) 4 * K,0. 

Bitartrate of potasb. Taitai>emetle. 

On boiling tiie mixture with water, and filtering, the cooled solution 
deposits octahedral crystals, of the formula 2 (]K.Sb 0 .C^ 40 g),Aq. 

The water of crystallisation may be expelled at 212° F.; and if the salt 
be heated to* 400° F. it loses an additional molecule of water, and become 
K. 8 b.C 4 H 5 , 0 „ which is reconverted into tsrtar-pmetic when dissolved in 
water. • 

When a little hydrochloric acid is added tq a solution of tartar-emetic, a tirecim. 
tate of texuxide of antimony is formed, which dissolves easily in an excess of the add- 

* This fan g Hs has been found to ocmt^ 8 ‘S per cept. of nitn^en. 
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If for a length of time in solution, taxtai-emetic is decomposed, octahedral 
crystw of terozide of antimony being deposited, and the solution ceases to be pim* 
pltated by hydrochloric acid. The reacuon to test'paper, which was sughtly acid, 
u now idighuy alkaline. 

Compounds perfectly analogous to tartar-emetic have been obtained, in 
which the antimony is replaced by boron or by arsenic, and the potassium 
by silver, lead, or sodiirm. 

It will be observed that tartar-emetic presents an anomaly in its 
composition, for it might be expected to be KSb^'(C^H 40 j)j. The com¬ 
position of the tartar-emetic, dried at 400® F., might be reconciled with 
that of crystalliaed tartaric acid by repre^nting it thus, C 4 (H,KSb^') 0 ,,, 
that is, crystallised tartaric acid (C^HjO,), in which one atom of hydrogen 
has been replaced by potassium, and three atoms by the txiatomic anti¬ 
mony. 

The beautiful prismatic crystals known as Boclielle salt consist of a 
double tartrate of potash and soda (KNaC^H^Oe, prepared by 

neutralising cream of tartar with carbonate of soda. 

Tartaric acid has been obtained artificially by the action of nitric acid - 
upon sugar of milk or gdm, which supplies a link of connection between 
this acid and the members of the sugar group which accompany it in 
plants. 

Tartaric acid is easily convertible into succinic and malic acids^ as might 
be anticipated &om an inspection of their formuLc— 

Tartaric acid, . . 

MaHc „ . . 

Succinic „ . . H,C 4 H ^04 

When tartaric acid is heated with phosphorus and iodine in the presence 
of water (or, which amounts to the same thing, when it is heated with 
hydriodic acid), the acid is deoxidised, and m^c and succinic acids are 
produced, thus— 

+ 4HI = + I, + 2H,0. 

Tartaile add. Succinic acid. 

Tartaric and malic acids are frequently associated in fruits, and succinic 
^d is found among the products of fermentation of grape-juice. 

Succinic acid may be reconverted into tartaric acid by heating it with 
bromine and water, when it is converted into bibromosuccinic acid, 
which furnishes tartaric acid when decomposed with 
oxide of silver— 

H,C 4 (H;BrJ 04 Ag,0 + H,0 = + 2AgBr. 

Blbromoancclnic acid. Tartaric add. 

When bromosuccinic acid, HjC^^HjBr)©^, is decomposed with oxide of 
silver, malic acid is formed— 

2H,C4(H^r)04 + 3Ag,0 = 2Ag,C4H40, + 2AgBr + H,0.' 

Bromoaaodnlc add. Malate of diver. ^ 

416. !Ihe tartaric acid found in grapes is accompanied, particularly in those of 
certain vintages and district^ by another acid called racemie or paratartarie acid, 
which has the same composition as tartaric acid, Iftit ciystallises with a molec^e 
of water (H|C 4 H 40 f.Aq.) The mystalline forms of these acids are the suns, but 
toe ci^Btals of nuemio acid effloresce, from loss of water, when exposed to the air. 
Solution of racmic acid is precipitated by toe salts of lime, which do not precipitate 
tutaric acid toSlesa it be previoualy neutralised. Moreover, although racemic acid 
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fonns, witb potash and oxide of antimony, a salt corresponding in compoution to 
tartar-emetic, this does not crystallise in octahedra, but in tufts of needles. 

There is a marked difference in the action of these two acids and their salts uwn 
polarised light, for solutions of racemic acid and the racemates do not alter the plane 
of polarisation, whilst tartaric acid and the tartrates rotate it io the right. 

On carefully examining the crystalline forms of the tartrates, Pasteur obserred 
that they generally presented an exception to that law of crystalline symmetry, which 
requires that a momfication existing on any edge or face of a crystal shouJ4 
repeated on all its other similar edges or faces, whereas in the crystals of the tarimtes, 
certain of the edges are truncated without any corresponding modification of riie 
others, and hemifudral forms are thus produced. Now, in general, it is found that if 
a substance forms hemihedral crystals, their hemihedrism is of such a character 
that they can be superposed upon each other, so that the united crystals shall exhibit 
a perfect symmetry upon each side Sf the plane of junction; but the hemihedrism of 
the tartrates is such, that the crystals do not exhibit this symmetry when superposed 
upon each other, but when one is superposed upon the reflection of the other in a 
mirror, so that instead of presenting crystals which are, as usual, partly right and 
partly left-handed in their want of symmetry, the ciystals of the tartrates are either 
all richt-handed or all left-handed hemihedral crystals. 

When the action of solutions of these salts upon polarised light came to be 
examined, it was found that the right-handed ciystals always rotated the plane of 
IMlorisation to the right, whilst the left-handed crystals produced a left-handed 
rotation. 

On separating the acids from these salts, they resembled each other precisely in 
all their chemical proj)erties, but the acid from the right-handed salts furnished 
crystals which were hemihedral right-handedly, whilst that of the left-handed salts 
furnished left-handed hemihedral crystals; moreover, the solution of the right- 
handed acid exerted a right-handed rotation upon the plane of polarisation, which 
was turned in the opposite direction by a solution of the left-handed acid. 

Tlie former acid has been named dextro-tartaric acid, and is the usual form in 
which this acid is met witli; the other acid has been called Ifero-tartaric acid. In 
their chemical relations these acids are perfectly identical; for the chemist they are 
^th the same tartaric acid, equally well adapted for all the uses to which this acid 
is ^plied. 

Pasteur found that the dotible racemate of soda and ammonia furnished a crop of 
crystals containing both right-haudtxl and left-handed hemihedral forms, and on 
separating them by hand, he found that the action of their solutions on polarised 
light corresponded with their hemihedrism, and on isolating the acids, the right- 
handed crystals iumished dextro-tartaric, the left-hand^, Isevo-tartaric acid. 

This analysis of racemic acid was soon confinned by its syuthcbis. On mixing 
concentrated solutions of equal parts of dextro-tartaric and Itevo-tartaric acids, a 
considerable rise of temperature was observed, showing that combination had taken 
place, and the solution, which had no longer the power of rotating the plane of 
polarisation, furnished crystals of racemic acid. 

This remarkable instance of chemical combination between two acids which ore, 
in their chemical properties, perfectly identical, to furnish a new acid differing from 
both, affords, by analogy, some support to the theoiy of the duplex constitution of 
many elementary and compound bMies. 


417. Citric acid (C^HgOy) occurs in lemons, oranges, and most acidu¬ 
lous fruits. It is prepared from lemon-juice, which, contains the acid in 
a free stato. by neutralising it with chalk, when the citrate of lime 
{Cai,2CBHjO,; is obtained, which is decomposed by dilute sulphurio acid; 
the filtered solution, when evaporated, yields prismatic crystals of citric 
acid, which contain CeHsOy-Aq. They fuse at 212" F., and lose the 
water of crystallisation. From the formula of the citrate of lime, it will 
be seen that citric add is tribasic, and should be written H(.GgHg 07 ; 
hence, like ordinary phosf)horio add, it forms three series of salts. Tlie 
dtrates of soda, for example, have the composition— 


2(]SXC,HA),llAq. 

NajHCjBLjO^Aq. 

NaHjCjHjOr-Aq. 
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When citxic acid is heated above 300* F., it is converted into ac(mi^ 
acid (HjCgHjOg), another vegetable acid found in the different varieties 
of monkhood {aconitim). 

Citric acid is employed in dyeing and calico-printing, as well as in 
medicine. 

By fermentation in contact with yeast, the citrate of lime is conTerted into acetate 
and hntyrate of lime, with evolution of carbonic acid and hydrogen. The crude 
citrate of lime prepared in Sicily, imd imported for the preparation of the acid, is 
found sometimes to undergo this change spontaneously, so that it has been recom¬ 
mended to neutralise the hot lemon-juice with cailtonate of magnesia (which is 
abundant in Italy), when the tribasic citrate of magnesia is precipitated in minute 
crystals. By dissolving this precipitate in a freih (]^uantity of hot lemon-juice, and 
evaporating, the bibmic citrate of magnesia is obtained in crystals, which is recom¬ 
mended as the best form in which to import the acid into this country. 

418. Malic acid (H^C^Hp^) is a crystaUine acid found, as its name 
implies, in apples, and in many other fi^ts. It is present, together with 
oxalic acid, in rhubarb. Tobacco leaves also cont^ it in the form of 
bimalate of lime, CaHa 2 C 4 H 40 ,. 

In order to extract the malic acid from rhubarb stalks, it is converted into malate 
of lime, the solubility of which enables it to be separated from the insoluble citrate 
and tartrate of lime. The juice is squeezed out of the stalks by a press, nearly 
neutralised with slaked lime suspended in water, and chloride of calcium is added. 
The precipitate containing tartrate, citrate, phosphate, and oxalate of lime, is filtered 
off, and the liquid boiled down, when malate of lime (CaC 4 H 40 B) is separated. This 
is washed and added to hot nitric acid, diluted with ten measures of water, as long 
as it continues to be dissolved. On cooling, bimalate of lime is deposited, which is 
dissolved in water and decomposed by acetate of lead, when it gives a curious pre¬ 
cipitate of malate of lead (PbC 4 H 40 g. 3 Aq.), which becomes crystalline on standing, 
and fuses in the liquid below the temperature of boiling water. By suspen^ng the 
malate of lead in water, and decom^sing it with hym-osulphuric acid, the lead is 
separated as sulphide, and a solution of malic acid is obtained, which gives deli¬ 
quescent prismatic crystals of the add when evaporated to a syrup and set aside. 
Malic acid is decomposed by heat into two isomeric acids, the imlasie and fumaric 
; the latter is found in the plant known {Fuirmria t^idnalia). 

An excellent source of malic acid is the juice of the unripe berries of 
the mountain-ash, in which it is accompanied by a volatile oily acid of 
pungent aromatic odour; this has been called parasorUc acid^ and has 
the formula When fused with hydrate of potash, or boiled 

with a strong mineral acid, it suffers a remarkable conversion into a 
crystalline solid acid, having precisely the same composition, called sarhic 
acid. 

Under the influence of yeast, in the presence of water, malate of Htua 
is converted into sucemato and acetate of lime— 



The amide of malic acid, maUmide^ (malate of umwinTii’a 

(NHJ,C 4 H 40 j minus 2HgO), has attr^ted some attention, because it 
has the same composition as a^ragine, a crystalbne substance extracted 
from the juice of asparagus, marsh-mallow root, and some other plants; 
but it is not identical with it, though asparagine, when acted on by 
nitrous acid, yields malic acid— 


C4H;!f,0, -f N,Og = H,C 4 H 40 , + Kfi + nr,. 

Aapuaglne. Halto add, 

.^ata^e is really the amide of another acid, the aspartic, into the 



TANNING. 58i 

ammonia-salt of which it becomes converted when heated for some time 

C^HgN.O, + H,0 = (NH^C,H^O,. 

Aqwxmglne. AqwrtoM of unmonu. 

419. Tamie mid^ or tannin (Cj,H„Oj,) the astringent principle of 
gall-nuts, from which it may be extracted by water, is characterised by 
two very useful properties, viz., by yielding a bl^k precipilate with 
the salts of peroxide of iron, and by forming a tough insoluble compdund 
with gelatine and gelatigenous membrane, the first being turned to account 
in the preparation of ink, and the second in that of leather. 

For the preparation of ink, three quarters of a pound of bruised nut^ 
galls are digested in a gallon of cold water, and six ounces of green yitriofi 
(sulphate of iron) are added, together with six ounces of gum, and a feul 
drops of kreasote. The mixture is set aside for two or three weeks, bein^ 
occasionally agitated, and the ink afterwards poured off from the undis-^ 
solved part of the nut-galls. 

Pure sulphate of iron (FeO.SO,) and tannic acid might be mixed 
without change; but when the mixture is exposed to the air, oxygen is 
absorbed, converting the protoxide of iron (FeO) into sesquioxide (Fe,Oj,), 
which combines with the tannic acid to form a black precipitate of 
tannate of sesquioxide of iron, the exact composition of which is not 
known. The gum is added to render the liquid viscous, so as to prevent 
the subsidence of the black precipitate, and the kreasote prevents the ink 
from becoming mouldy. The brown colour of the ink in old manuscripts 
is due to the tannic acid having been partly removed by oxidation, leaving 
the brown peroxide of iron ; the stain of iron-mould left by ink on linen 
after washing is due to the entire removal of the tannic acid by the alkali 
in the soap. 

Tanning. —When infusion of nut-galls is added to a solution of gelatine, 
the latter combines W'ith the tannic acid, and a bulky precipitate is 
obtained. If a piece of skin, which has the same composition as gelatine, 
be placed in the infusion of nut-galls, it will absorb the whole of the 
tannic acid, and become converted into leather, which is much tougher 
than the raw skin, less permeable by water, and not liable to putrefaction. 

The first operation in the co nvers ion of hides into leathe r, after they 
have been cleansed, consists i n soaking themmr three or~fbur weeks in 
p^ containing 4ime and water^ which saponifies the fat, and loosens the 
ham. The same object is sometimes attained by allowing the hides to 
enter into putrefaction, when the resulting ammonia has the same effect as 
the lime. The loosened hair having been scraped off, the h ides are soaked 
fox twelve hours in water containing s iilphuric a^, which 

removes adhering lime, and opens the pores of the sk^ so as to fit it to 
receive the»tann^ liquid.«(^ 

The tantfing material generally employed for hides is the infusion of 
oak-bark , which contains querei-iannie acid, very similar in properties teT 
tanni n acid. The hides are soaked in an infusion of oak-bark for about 
six weeks, being passed in succession through several pits, in which the 
strength of^he infusion is gradually increased. They are then packed in 
another pit with altemalte kyers of coarsely ground oak-bark; the pit is 
filled with water, and lefl*at rest for three months, when the hides are 
transfer!^ to another pit, and treated in the same way; but, of course, the 
position of the hides will be now reversed-—that which was uppermost^ 
and in contact with the weakest part of the tanning liquor, will now be 
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the bottota. Afi;er the lapse of anothei three months the hide is gene^ 
rally, fotutd to be tanned tl^ughout, a section appearing of a uniform 
brown colour. It has now increased in weight from 30 to 40 per cent. 
The chemical part of the process being now completed, the leather is sub¬ 
jected to certain mechanical operations to give it the desired texture. For 
janniTig the thinner kinds of leather, such as morocco,^a substance called 
sumach is used, which consists of the ground shoots of the Wius Coriaria, 
and (Contains a large proportion of tannic acid. 

Morocco leather is made from goat and sheep skins, which are denuded 
of hair by liming in the usual way, but the cohering lime is afterwards 
removed by means of a bath of sour bran or flour. In order to tan the 
skin so prepared, it is sewn up in the form of a bag, which is filled with 
infusion of sumach, and allowed to soak in a vat of the infusion for some 
hours. A repetition of the process, with a stronger infusion, is necessary; 
but the whole operation is completed in twenty-four hours. The skins 
are now washed and dyed, except in the case of red morocco, which is 
dyed before tanning, by steeping it first in alum or chloride of tin, as a 
mordant, and afterwards in infusion of cochineal. Black morocco is dyed 
with acetate of iron, which acts upon the tannic acid. The aniline dyes 
are now much employed for dyeing morocco. 

The leid of which gloves are made is not actually tanned, but submit¬ 
ted to an elaborate operation called tamng, the chief chemical features of 
which are the removal of the excess of lime,* and opening the pores of 
the skin by means of a sour mixture of bran and water, in which lactic 
acid is the agent; and the subsequent impregnation of the porous skin 
with chloride of aluminum, by steeping it in a hot bath containing alum 
and common salt. The skins are afterwards softened by kneading in a 
mixture containing alum, flour, and the yolks of eggs. The putrefaction 
of the skin is as eflectuaUy prevented by the chloride of alu minum as by 
tanning. 

Wash leather and hucTcsIdn are not tanned, but shamoyedf which con¬ 
sists in sprinkling the prepared skins with oil, folding them up and 
stocTdng them under heavy wooden hammers for two or three hours. 
When the grease has been well forced in, they are exposed in a warm 
i atmosphere, to promote the drying of the oil by absorption of oxygen 
(p. 672). These processes having been repeated the requisite number of 
^ times, the excess of oil is removed by a weak alkaline bath, and the skins 
are dried and rolled. The buff colour of wash-leather is imparted by a 
weak infusion of sumach. 

Parefermut is made by stretching lamb or goat skin upon a frame, re¬ 
moving the hair by lime and scraping, as usual, and aflmrwards rubbing 
with pumice stone, until the proper thickness is acquired. 

Tannic acid, like many other proximate^onstituents of vegetables 
(see p. 472), when boiled with diluted sulphuric acid, yields grape-sugar, 
whilst a new acid may be obtained from the solution, which is known as 
gallic acidf— ** 


C^O., -f 6H,0 - 3{C,H«0,) + C«H„0,. 

Tannic add. fiaillc acid. Orape-angar. ** 

The addition of dilute sulphuric acid to the mfusion of gall nuts pro- 


* Polyanlphides of sodiam and calciam an aometimea employed for lemoTing the hair. 

, t It ^ jbe perceived that tmmic acid is analogous in constitution to the glnco-ta^ric 
Mid mentiraiea alp. S68, which atdits into grape-sugar and tartaric add when boiled with 
diluted aulphntlaJadd, exactly as hmnic add splits into grape-sugar and galUe acid. 
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duces a precipitate com^sed of tannic and sulphuric acids, hut this 
dissolres when boiled wiw excess of sulphuric acid, sujBTmng the above 
change. 

420. Gallic acid (H,CyHPs) is also formed by the oxidation of 
tannic acid when exposed to the air, particularly in the presence of the 
matters associateJ'^with it in the gall-nut, which seem to act like the 
ferment in the quick vinegar process (p. 487). The method generally 
practiel^ for obtaining gallic acid consists in exposing powdered nu^galls 
in a moist state to the action of the air for some weeks, in a warm place, 
when oxygen is absorbed, and carbonic acid evolved, the powder becoming 
covered with crystals of gallic acid (tannic acid does not crystallise). By 
boiling the mass with water, the gallic acid is extracted, and since, unlike 
tannic acid, it is very sparingly soluble in cold water, the greater portion 
crystallises out as the solution cools, in long silky needles, containing 
C,HgO,.Aq. 

In this process another acid is obtained in small quantity, which is 
insoluble in water, and has been called ellagic acid (HC^HsOJ; it 
possesses some interest, because it is found as a product of animal me in 
certain Intestinal concretions or bezoars, occurring in the antelopes of 
Central Asia.* 

In most astringent substances a small quantity of gallic acid accom¬ 
panies the tannic. 

Gallic acid dissolves in oil of vitriol with a red colour, and when the 
solution is poured into water, a red-brown precipitate is obtained, called 
rajigallic acid (C^HjOg), which is interesting from its property of dyeing 
calico red, if previously mordanted with alum. 

When powdered nut-galls are heated in an iron pan surmounted witli 
a cone of paper (see benzoic acid, p. 468) to about 420°, a quantity of 
crystals sublime into the cone, which are ‘pyrogallic acid (CgHjO,), or 
more properly, pyrogalUnc, for it is doubtful whether it is really an acid 
substance. 

Its formation from the tannic acid of the galls is explained by the 
equation— 

(Tannic acid) + HgO =s 4 (CjHg 03 ) (PyrogalUc add) + 3CO,. 

As its name implies, this add may also be obtained by the action of heat 
upon gallic acid, which suffers a similar decompositionf 

This substance is extensively prepared for use in photography, iu which 
art its great tendency to absorb oxygen is called into play, rendering it 
capable of decomposing the salts of silver with immediate separation of 
the metal. 

The solution of pyrogallic acid soon becomes brown when exposed to 
the air, from absorption of oxygen, and if it be mixed with an dkali, it 
absorbs oxygen almost instantaneously, acquiring a very dark brown colour. 
This property renders pyrogallic acid very usdul in the analysis of air 
and of other gases containing uncombined oxygen; a portion of air con- 

* EUagie aSidis obtained as a crystalline precipitate by beatiog together, for some time, 
gallic and arsenic adds in eolation; 

4(C,H,0.) +,A8,0, = 4(C,H,0,) + As,0, + 6H,0. 

Gallic acid. Ellagic add. 

f By bwiting gallic odd under pressure with two or three parts of water to 410^ F. for 
half-an-hottr, and eraporating the solution, it is said that the theoretical quantity of pyro- 
gftllic add may be obtained. It may be decolorised with animal charcoal. 
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fined m a gtadnated tube over meromy (see fig. 83), is shidcen witb a 
strong solution of potash to absorb carbonic acid, and the dimmntion 
of volume having Wn noted, some solution of pyrogallie acid in fom 
parts <rf water is introduced; on shaking for a few seconds^ the oxygen is 
enMrdj absorbed, when the volume of the nitrogen may be observed. 

Tbe salts of tannic and gallic acids are not very well known. The 
latter appears to be a tribasic acid, so that its true formula would be 
HgC^Oj the H, being replaceable by a metal. ^ 

T^acid character of pyrogallie acid is very feeble. 

The three acids are distinguished by their action upon the salts of iron. 
With pure proiosulphate of iron (FeO.SOj) neither tonic nor gallic acid 
gives any reaction, but pyrogallie acid gives a deep indigo blue solution; 
whilst with persulphate (FejOg-SSOs) or perchloride (FogClJ of iron, the 
two former give a bluish-bl^k precipitate, and pyrogallie acid gives a 
bright red solution. 

&e presence of tonic acid in a vegetable infusion is easily recognised 
by the addition of perchloride of iron, but the hue which is produced is 
not the same in all astringent substances, because they contain different 
varieties of tannin. 

All these varieties, however, differ from tonic acid properly so called, 
in not furnishing pyrogallie acid when heated. 

The astringent principle of caienhu {terra Japonica or cutcli) and kino, 
which are used by tanners and dyers, is called mimotannie acid. 


VEGETABLE ALKALOIDS. 

421. In some plants the vegetable acids are combined with vegetable 
alkalies or alkaloids j thus in opium, the morphine is combined with 
meconic acid j in cinchona bark, the qumiue is combined with kinic acid. 
The methods adopted for the separation of these alkaloids from the acids 
and other substances associated with them are among the most important 
processes of practical chemistry. 

Extraction of the alkaloids from opium. —Opium is the concrete milky 
juice which exudes on incising the unripe capsules of the Papav&rsomni- 
ferum, and is imported into this country from Persia, Turkey, Bengal, and 
Egypt, in the form of roimd masses or cakes enveloped in leaves; it has a 
(tok colour, a soft waxy consistence, and a peculiar characteristic odour. 
Different samples vary much in composition, W the following result of 
an analysis of Smyrna opium will give an idea of the nature of this com¬ 
plex drug:— 


100 parts of Smyrna Opium contained — 


.Ckim, 

. 26-2 

Caontchouc, 

. 60 

Besin, 

8-6 

Oily matter, 

2*2 

Meconic acid, 

. 6-0 

Morphine, . 

. 10-8 

Kaicotine, 

6-8 


I 

Narceine, 6‘7 

Meoonine, . . 0*8 

Codeine, . . . .07 

Colouring and o^er organic | .g.. 

mattiers, . . i 

Water, . . . i. 0‘9 


The medicinal value of opium appears to be dfie chiefly to the morphine 
I (C„H,^0,), which is present, for the most part, in the state of meconate 
of morphii^; in order to obtsdn it in the se^u»te state, the opium is cut 
into slices and digested with water at a moderate heat for two or three 






EXTRACTION Of QUININE. 


585 


hours; the liquor is then strained and evaporated, a little chalk being 
added to neutealise the free acid. The concentoded solution, containiag 
chie^* morphine and codeine, in combination with meconic and sulphuric 
adds^ is mixed with solution of chloride of calcium, when the meconic 
acid' is precipitated in combination with lime, carrying with it a great 
part of the ooloumng matter, and leaving in solution ^e hydrochlora^ of 
morphine and codeine, which may be obtained in crystals by evaporation. 
The hydrochlorates are decolorised with animal charcoal and recryst^lised. 
On adding ammonia to the solution containing these salts, the morphine 
only is precipitated, and may be purified by crystallisatien from alcohol, 
which deposits it in white rectangular prisms, having the formula 
C„H„NO,.Aq. 

The solution from which the morphine has been precipitated still con¬ 
tains the hydrochlorate of codeine, and on decomposing it with potash, the 
codeine is precipitated in crystals, of the composition C^gHjiN'Oj.Aq. 

The mother-liquor from the hydrochlorates of morphine and codeine 
contains narcotine, narc<^ine, meconine, thebaine, and papaveriue, together 
with min and colouring matter.* 

The leading features of morphine are its spEffing solubility in cold water, 
its bitter taste and alkaline reaction, and narcotic poisonous properties. 
It is generally identified by its giving an inky blue colour with perchlo- 
ride of iron, and a golden yellow with nitric acid. 

The hydroehloraite of ’morphine (C„H„NO,.HCl), or muriate of mor¬ 
phia^ is the chief form in which this ^ktdoid is used medicinally. 

Narcotine (CjjHgNO,) possesses some interest as having been the first 
base extracted from opium, whence it may be obtained by simply treating 
the drug with ether, in which the morphine is insoluble. The greater 
part of the narcotine is left in the residue after exhausting the opium 
with water, from which it is extracted by digestion with acetic acid; on 
neutralising the solution with ammonia, naicotiue is precipitated. It is 
a weak base, and has no alkaline reaction. 

The mecmic acid which exists in opium is a tribasic acid, having the 
formula H^CyHO, \ it is soluble in hot water, and crystallises on cooling 
in plates which contain three molecules of water of crystallisation. It 
gives a blood-red colour with solution of perchloride of iron. 

422. Extraction of quinine .—^The cineJiona or Peruvian harh, so highly 
prized for its medicinal qualities, is obtained chiefly from the districts 
around the Andes, and is imported in three varieties, of which the yellow 
cinchona is richest in quinine, the pale or grey bark in cinchonine, whilst 
the red bark contains both these bases in considerable quantity. The 
alkaloids are combined with Mnic add, and with a variety of tannin 
known as quinotannic acid. 

In ordeP'to extract them, the bruised bark is boiled with dilated 
hydrochloric acid, and the filtered solution, containing the hydinchlorates 
of quinine and cinchonine, is mixed with enough lime diffused through 
water to render it alkaline. The quinq^e and cinchonine, which are very 
sparingly scduble in cold water (requiring about 400 times their weight to 
dissolve them), are preci^tated together with some of the colouring matter 
of the bark. • 

The precipitate having been collected upon a linen strainer and strongly 
pressed, is treated with filing alcohol, which dissolves both the alkaloid^ 

• Kw^lein, Upoppy head.; i/opictt, torpor; fivKw, a poppy. 



586 


KTNONE—'HYDBOKINONE. 


leaving any excess of lime undissolved. A part of the alcohol is then 
recovered by distillation, and the solution containing the quinine and 
cinchonine is neutralised mth sulphuric acid, so as to convert the alkaloids 
into sulphates, and is then decolorised with animal charcoal, and allowed 
to crystallise. Sulphate of quinine, being much less soluble in water than 
the Bidphate of cinchonine, crystalJises out first, leaving the lattmr in 
solution. 

ThS sulphate of quinine is dissolved in water and decomposed by am¬ 
monia, when the quinine is separated as a white powder, which may be 
dissolved in alcphol and crystallised. 

The liquid from which the sulphate of quinine has been deposited con¬ 
tains, in addition to the sulphate of cinchonine, another base having the 
same composition as quinine, but distinguished from it by the, indisposi¬ 
tion of its sulphate to crystallise. This base is termed quinidine, and is 
produced from quinine under the influence of an excess of acid; it is the 
most ifliportant constituent of the substance called quinoidine or amorphouts 
quinine which is prepared for sale from the mother-liquors of the sulphate 
of quinine, and forms a cheap substitute for quinine in medicine. 

Quinine crystallises in small prisms, which have the composition 
CjuH,^NgOj.3Aq., and although sparingly soluble, even in boiling water, 
it has an extremely bitter taste, which is also possessed by its salts. 

Quinine is employed in medicine in the form of sulphate— 

(C«,H,.NA)AO.S03.7Aq.) 

which requires as much as 700 parts of cold water to dissolve it, but is 
readily dissolved in water acidulated with sulphuric acid, when it is con¬ 
verted into the acid sulphate of quinine (C,^H,^NjOj.HjO.SOg), The 
solution is remarkable for its action upon light, for although it is perfectly 
colourless when held directly in front of the eye, if seen obliquely it 
appears to have, especially at the edge, a beautiful pale blue colour. This 
phenomenon, which is termed fitiorescence, has been already referred to in 
the case of other substances (p. 473). 

Quinic or hmie acid.. —^By evaporating the infusion of cinchona bark 
from which the quinine and cincbonino have been separated by lime, 
crystals of kinate of lime are obtained, and by decomposing these with 
sid^phuric acid, the Mnic acid (HC^HuOj) passes into solution, whence it 
may be obtained in prismatic crystals. 

This acid is chiefly interesting on account of the peculiar properties of 
some of its derivatives. When distilled with sulphuric acid and binoxide 
of manganese, the oxygen evolved from the mixture converts the kinic 
acid into a new substance, which condenses in beautiful yellow needles 
called Tdnotie or quinone — 

HC,H„0, + Og = CgHgOg + COg + 4H,0:* 

XiDic add. Kinone. 

The same substance is obtained in a similar maimer from one of the 
constituents of the coflee-beny (caffeic or cafleotannie acid). !Qy dissolving 
kinone in Water containing s^phurous dcid gas,^d eva^iating the solu¬ 
tion, colourless crystals of hydrokinom are obtained— 

C«H,0, + 2HgO + SO, = CgHgO, + H,O.SO,. 

- XtatOM' E^drokinoae. 

When a solutiftn of kinone is mixed with* one of hydrokinone, beauti- 
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ful green ciystals are deposited, Ttrhlcli are known as green hydroMiime 
(C,H*Oj.CgH,Os), and may also be obtained by the action of oxidising 
agents, such as ferric chloride, upon hydrokinone. When kinone is acted 
on wil^ hydrochloric acid and chlorate of potash, it is converted into a 
yellow crystalline body, known as perehlorokinole or ehloranih (CjCl^O,), 
which is also obtained in a similar way from aniline, salicine, and isatine. 
Potash dissolves it when heated, giving a purple solution. 

423. Theine or Caffeine — Tea— Coffee .—A very remarkable instahce of 
the application of chemistry to explain the use of widely different articles 
of diet by different nations, with a view to the production of certain 
analogous effects upon the system, is seen in the case of coffee, tea, Para¬ 
guay tea, and the. kolornui (of Central Africa), which are very dissimilar 
in their sensible properties, and afford little or no gratiffcation to the 
palate, owing what attractions they possess chiefly to the presence, in 
each, of one and the same active principle or haloid, which has a 
special effect upon the animal economy. This alkaloid is known as 
caffeine or theine, and is associated in the three articles of diet men¬ 
tioned above, with various substances, which give rise to their diversity 
in flavour. 

The raw coffee-berry presents, on the average, the foDowing composi¬ 
tion :— 


100 parts of Raw Coffee contain — 


Woody fibre, ...... 34-0 

Water, ....... 12'0 

Fat.12 0 

Cane-sngar and gum, ..... 15‘5 

Legumine, or some allied substance, . .13*0 

CsH'einc, . . . . 1 *5 

Caffeic acid, . . . .4*0 

Mineral substances, . . . .7*0 


When the raw berry is treated with hot water, the infusion, which con¬ 
tains the sugar and gum, the legumine, caffeine, and eaffeic acid 
has none of the peculiar fragrance which distinguishes the ordinary beve¬ 
rage, and is due to an aromatic volatile oily substance tenned cajfeone, 
formed during the roasting to which the berry is subjected before use. 
This volatile oil, which is present in very minute quantity, is produced 
from one of the soluble constituents of the berry (probably from the 
caffeic acid), for if the infusion of raw coffee be evaporated to dryness, 
the residue, when heated, acquires the characteristic odour of roasted 
coffee. 

The roasting is effected in ovens at a temperature rather below 400" F., 
when the berry swells greatly, and loses about ^th of its weight, becoming 
brittle, and*easily ground to powder. ■ It also becomes very much darker 
in colour, from the conversion of the greater part of its sugar into caramel 
(p. 494), which imparts the dark-brown colour to the infusion of coffee, 
if the roasting be carried too far, a very disagreeable flavour is imparted to 
the coffee by the action of heat upon the legumine and other nitrogenised 
substances contained in fhe berry. 

From 100 parts of the coasted coffee, boiling water extracts about 20 
parts, consisting of caffeine, caffeic acid, caramel, legumine, a little sus¬ 
pended fatty matter, fragrant volatile oil (caffeone), and salts of potash 
(especially the phosphate). The undissolv^ portion of the coffee containa, 
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b^de the woody fibre, a considerable quantity of nitrogenised (and nutri¬ 
tious) matter, and hence the custom, in some countries, of taking this 
residue together with the infusion. 

In order to extract the caffeine from the infusion of coffee, it is mixed 
with solution of tribasic acetate of lead, to precipitate the caffeic acid and 
a part of the colouring matter. Through the filtered solution, sulphuretted 
hydrogen is passed to remove the lead as sulphide, and the liquid filtered 
firam'this is evaporated to a small bulk, when the caffeine crystallises out 
in white silky needles, which have a bitter taste, and the composition 
Its basic properties are very feeble. 

The constituents of the leaves of the tea-plant {Thea Sinensis) exhibit a 
general similarity to those of the coffee-berry. In the fresh leaf we find, 
in addition to the woody fibre, a large quantity of a substance containing 
nitrogen, similar to legumine, an astringent acid similar to tannic acid, a 
small quantity of caffeine, and some mineral constituents. 

The aroma of tea does not belong to the &esh leaf, but is produced, like 
that of coffee, during the process of drying by heat, which developes a 
small quantity of a peculiar volatile oil, having powerful stimulating 
properties. The freshly-dried leaf is comparatively so rich in this oil 
that it is not deemed advisable to use it until it has been kept for some 
time. 

Green and black tea are the produce of the same plant, the difference 
being caused by the mode of preparation. For green tea the leaves are 
dried over a fire as soon as they are gathered, whilst those intended for 
black tea are allowed to remain exposed to the air in heaps for several 
hours, and are then rolled with the hands and partially dried over a fire, 
these processes being repeated three or four times to devolope the desired 
flavour. The black colour appears to be due to the action of the air upon 
the tannin present in the leaf 

Boiling water extracts about 30 parts of soluble matter from 100 of 
black tea, and 36 from 100 of green tea. The principal constituents of 
the infusion of tea are tannin, aromatic oil, of which green tea contains 
about 0‘8 and black tea 0‘6 per cent., and caffeine, the proportion of 
which, in the dried leaf, varies from 2’2 to 4-1 per cent., being present in 
larger quantity in green tea. 

The spent leaves contain the greater part of the legumine, and a con¬ 
siderable quantity of caffeine, which may bo extracted by boiling them 
with water, and treating the decoction as above recommended in we case 
of coffee. 

If tea be boiled with water, the solution precipitated with tribasic 
acetate of lead, the filtered liquid evaporated to dryness, and the residue 
cautiously heated, the caffeine sublimes in beautiful crystals. 

Cocoa and dwcolate are prepared from the cacao-nut, which is the 
seed of Theohroma Cacao, and is characterised by the presence of more 
than half of its weight {minus the husk) of a fatty substance known as 
cacaihlmtter, and consisting of oleine and stearins, which does not become 
rancid like the natural fats generally. The cacao-nut also contains a 
large quantity of starch, a nitrogenised substance resembling gluten, to¬ 
gether with gum, sugar, and theobromine, a feeble base very similai to 
caffeine, but having the composition C 7 H 8 ]Sr 405 . 

The seeds are allowed to ferment in heaj)s for a short time, which im- 
'provos tlw flavour, dried in the sun and roasted like coffee, which de¬ 
velopes ^e peculiar aroma, of cocoa. The roasted .beans having been 



TOBACCO. 


589 


crashed and winnowed to separate the husks, are ground in warm mills, 
in which the fatty matter molts and unites with the ground beans to a 
paste, which is mixed with sugar and pressed into moulds. In the pre¬ 
paration of chocolate, vanilla and spices are also added. 

From the composition of cocoa and chocolate it is semi that when con¬ 
sumed, as is usT^ in the form of a paste, they would prove far more 
nutritious than mere infusions of tea and coffee. ^ 

Caffeine appears to be a methylated derivative from theobromin^ for when it is 
boiled with potash, methylamine is evolved, and by acting with iodide methyle 
(CH3I) upon a silver-compound obtained from theobronune, Cy(H7Ag)N^g, the 
silver and methyle change places, yielding Agl and caffeine, UrH7(Cfl*)N40, or 
methyle-theobromine. 

424. The vegetable alkali strychnine (CpjHjjNgOj), only too well known 
for its activity as a poison, is contained in crow-fi^ or Nux-vmiica^ the 
seed of the poison-nut tree of the East Indies, and in several other plants 
of the same family. The strychnine appears to he combined, in the nux- 
vomica, with lactic acid, and is accompanied by a second alkaloid, hrucim 

In order to extract it, the bruised seeds are boiled with 
water acidulated with hydrochloric acid, the solution is strained, and ren¬ 
dered alkaline by adding hydrate of lime, which displaces the strychnine 
and brucine from their combination with the acid, and separates them in 
the form of a precipitate. When tliis is boiled with alcohol, the excess of 
lime remains undissolved, W'hilst the strychnine and brucine are carried 
into solution; and since the former is less soluble in alcohol than the 
latter, it is deposited, before the hrucino, on evaporating the liquid, in the 
form either of octahedral or prismatic crystals, which have an intensely 
bitter taste. This remarkable bitterness is one of the most prominent 
characters of strychnine; for although 7000 parts of water are required to 
dissolve one part of this alkaloid, the solution possesses an intolerably 
hitter flavour, even when further diluted with 100 times its weight of 
water. Chloroform and benzole both dissolve strychnine with great ease; 
and since these liquids refuse to mix with water, they are often employed 
to extract the poison from a large bulk of aqueous liquid by agitating it 
with a small quantity of one of them, which is then separated from the 
water and evaporated, in order to obtain the stiychnine in the solid form. 
Very minute quantities may then he identifled by moistening with strong 
sulphuric acid, and adding a minute quantity of chromate of potash, when 
the chromic acid acts upon the strychnine, giving rise to products of oxida¬ 
tion, which pervade the liquid in the form of beautiful purple streaks. 

Curarine, is a crystalline alkaloid which has been extracted 

from the woorari or curara poison employed by the American Indians for 
poisoning arrows. It dissolves easily in water and alcohol, but not in 
ether. St^png sulphuric acid gives it a fine blue colour. 

425. Tobacco owes its active character chiefly to the presence of a vege¬ 
table alkali which is not found in any other plant than the Nieotiana 
tabacum, from the leaf of which the various forms of tobacco are manu¬ 
factured. This alkali, nicotine (CjoHj^N,), is distinguished from most 
others by the absence o4 oxygen, and by its liquid condition at the ordi¬ 
nary temperature. 

In order to extract the hicotine from tobacco, the leaves are boiled with 
water, whidi dissolves the alkaloid, in combination with malic and citric 
adds. The liquid, having been strained, is evaporated to a syrup and 
mixed with alcohol, when it separates into two layers, of which the 
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eontains’ilEii&.salti of siooiine dissolved in aloc^oli the lowear aqueovls 
layer retainh]^ the gimter paH of the extraaeops yej^teble matters. The 
alcoholie layer havu^ heeA diawa, off, is h^t shakmi vdth potash, to 
combine with the ad^ and with ether to dissolve .the nicotine then set 
firee. On decanting the ethereal solution of nicotine which rises to the 
sur&ce, and evaporating the ether, the nicotine Is left'in the form of an 
oily hquid, which is colourless when perfectly pure, but soon acquires a 
dark brown colour when expos^ tb the ain It is very readily distin¬ 
guished by its very pungent, irritating- odour, recalling- that of tobacco, 
and which is very perceptible at the common temperature, although the 
boiling point of nicotine is so high as 480° F. Water, alcohol, and ether 
dissolve nicotine with facility. The poisonous action of this al^oid upon 
animals is very powerful, death almost immediately following its adminis¬ 
tration. The Yirginian tobacco contains more nicotine than other varieties, 
the alkaloid amounting to nearly 7 per cent, of the weight of the leaf 
dried at 212° F., whilst the Maryland and Havannah varieties contain 
only 2 or 3 per cent, of nicotine. Tobacco is remarkable for the very 
large amount of ash which it leaves when burnt, amounting to about one- 
fifth of the weight of the dried leaf, and containing about one-third of car¬ 
bonate of potash, resulting from the decomposition of the malate, citrate, 
and nitrate of potash during the combustion. The presence of this latter 
salt in large quantity (3 or 4 part-s in 100 of the dried leaf) distinguishes 
tobacco from most other plants, and accounts for the peculiar smouldering 
combustion of the dried leaves. 

Cigars are made directly from the tobacco leaves, which are only mois¬ 
tened with a weak solution of salt in order to impart the requisite sup¬ 
pleness; but snuff, after being thus moistened, is subjected, in large 
heaps, to a fermentation extending over eighteen or twenty months, which 
results in its becoming alkaline from the development of carbonate of 
ammonia (by the putrefaction of the vegetable albumen in the leaf) and 
of a minute quantity of free nicotine, wMch imparts the peculiar pungency 
to this form of tobacco. The aroma of the snuff appears to be due to 
the production of a peculiar volatile oil during the fermentation. The 
proportion of nicotine in snuff is only about two per cent., being one-third 
of toat found in the unfarmented tobacco; and a great part of this exists 
in the snuff in combmation with acetic acid, which is also a result of the 
fermentation. It is also not improbable that a little acetic ether is pro¬ 
duced, and perhaps some other acids and ethers of the acetic series {e.g., 
butyric and valerianic), of which extremely minute quantities would give 
rise to great differences in the axoma of the snuff. 
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VEQETABij; OQLOUECSrO MATTES^. 

426. D'etwithstandingithe great variety and l»eauty of the tints e^< 
bitod by plants, ootnparatively few yidid.^olomring matters which are 
sufficiently pennanent to be employed in t^e artsj me. greater number of 
them ffiding rapidly as soon as the plant' dies, since &ey are una];)le to 
resist the decomposing action of light,'oxygen, and moisture, unless sup¬ 
ported by the vital influence in the plmt, some of them even fading during 
the life of the plant, as may be seen in some varieties of the rose, which 
are only fully coloured in those parts which have been partly obscured. 

The green colouring matter of plants has been termed chlorqphyllj’'^ and 
is a resinous substance containiug carbon, hydrogen, nitrogen, and oxygen, 
which ban never yet been obtained in so pum a condition that its composi¬ 
tion could be accurately determined, since it cannot, be crystallised or 
distiUed, aud is therefore not amenable to the usual methods by which 
organic substances are obtained in a pure state. 

When green leaves are boiled with alcohol, the latter acquires a fine 
green colour, and, when evaporated, deposits the chlorophylL When the 
alcoholic solution of chlorophyll is boiled with alcohoHc solution of 
potash^ and hydrochloric acid afterwards added, a yellow precipitate 
hxanthine) is obtained, and a fine blue colouring matter (jahyllocyanine) 
remains in solution. The blue matter contains nitrogen, and both are 
insoluble in water. The autumnal colour of leaves may possibly be due 
to the disappearance of the phyllocyanine. On immersing green leaves 
in chlorine ^ey assume an autumnal tint. 

The blue colouring matter contained in many flowers, such as the violet, 
has been named cyanine. Acids change its blue colour to red, and hence 
the blue colour is exhibited only by flowers the juice of which is neutral, 
whilst red flowers yield an acid juice. The colouring matter of grapes 
and of red wine appears to be identical with cyanine. 

Two yellow colouring matters have been extracted from flowers, and 
have been named xanthine and xantMine^ the latter being soluble in water. 

Saffron is a yellow colouring matter obtained from the flowers of the 
Crocus mtivua, which are themselves of a blue colour, but have yellow 
anthers. When these are dried and pressed into cakes, they form the 
saffron of commerce, which is charactoised by its very remarkable and 
somewhat agreeable odour. The yellow colouring matter is readily dis¬ 
solved by water and alcohol, and has been found to be a glucoside, which 
yields, when treated with sulphuric acid, beside glucose, eroeine, 
and an essential oil having the formula CioH„0. 

Safflower consists of the petals of the Cartham.'us Hnctorius, a plant 
cultivated m Egypt. It furnishes a red colouring matter called carfha- 
mine (CjgHigOT), which is used in dyeing, although it fades easily when 
exposed to light. It exhibits the characters of an acid, being dissolved 
by alkalies and reprecipitated by acids, a circumstance which is taken 
advantage qf when extracting it from the safflower. 

The orange-yellow colouring matter known as annatto is extracted from 
the seeds of the Bixa Orellc^a, a native of the West Indies. The colouring 
principle has been called omnOf and is dissolved by alkalies, but precipi¬ 
tated again by acids. Annatto is used for colouring butter and cheese. 

A v^uable yellow colour is obtained from the or Reseda luteolaf 
, * XXwpdt, grten ; ^fiXXov, a leaf. 
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by boiling the dried leaves with water. This colouring matter is termed 
luieoUm and may be sublimed in yellow n^dles. 

The woods of various trees, when boiled with water, furnish colouring 
matters of considerable importance; thus, the wood of Morus timtona^ 
or fustict a West Indian ^e, yields a crystalline yellow colour called 
moritannic acid (CigHj^Ojo). 

Logwood is the wood of the Hcematoxylm Campendiianum^ which grows 
at Campeachy, in the Bay of Honduras. Its most important constituent 
is a yellow colouring matter called Immatoxyline, which may be obtained 
in needle-like crystds having the composition (CigH„Oj,Aq.) It becomes 
intensely red in contact with alkalies and oxygen, the formation of 
hsematein (CjgHijO,). Chromate of potash gives an intense black colour 
with infusion of logwood, which has been used as an ink, but is not per¬ 
manent. 

Brazil wood, which is employed in the preparation of red ink, contains 
a colouring matter somewhat resembling that of logwood. 

The well-known Turkey red colour is obtained from madder^ the root 
of the Ruhia timtorum, imported from the south of France and the 
Levant. This root does not contain any red colouring matter during the 
life of the plant, but a yellow substance {rubian, from the decom¬ 

position of which the madder red is obtained. There are several methods 
in use for obtaining the red colour from madder. If the root be steeped 
in water for some time, so that some of the nitrogenised constituents begin 
to undergo decomposition, a peculiar fermentation is excited in the rubian, 
resulting in its decomposition into several new bodies, the chief of which 
are a red crystalline colouring matter, alizanne (Ci^HgOg), and an un- 
crystallisable sugar. The alizarine may be dissolved out either by water 
or alcohol, and maybe obtained in beautiful plates having a golden lustre. 

If the madder root be boiled with water, the rubian is dissolved, and 
when this solution is boiled with dilute sulphuric acid, the rubian under¬ 
goes n decomposition similar to that mentioned above, and the alizarine, 
being insoluble in the dilute acid, is precipitated. 

Madder which has been treated with hot sulphuric acid, so as to decom¬ 
pose the rubian, is used in print-works under the name of gnrandm^ and 
yields a red solution containing alizarine when boiled with water. 

Artificial alizarine. —The discovery of a process for the artificial pro¬ 
duction of the colouring matter of madder from anthracene, one of the 
constituents of coal-tar, is one of the most important services which 
chemistry has, of late years, rendered to the useful arts, and affords an 
excellent illustration of the practical importance of the minute study of 
the constitution of organic substances. When alizarine, C„HgOg, was 
heated with powdered zinc, it was found to be converted into anthra¬ 
cene, OjgHjy, a substance obtained among the last products.,of the dis¬ 
tillation of coal-tar, for which no useful application had hitherto been 
discovered.* It somewhat resembles naphthaHne in properties, but may 
be distinguished foom it by its sparing solubility in alcohoL When treated 
with nitric acid, or with sulphuric acid and binoxide of . manganese, 
it yields a crystalline compound known as oxanfhraeene, C^HgO*, which 
bears the same relation to anthracene as quinone (p. 586) (GgHgO,) bears 
to benzole (CgHg), and has thm^efore been calfed anthraquinone. When 
acted upon. by bromine, this is converted into dihromanthraquinone, 
CJHgBrjOg. By heaUng this to about 360* F. with caustic potash, 
r’* ' , * + H,0 + Zn, = 5ZnO + CmH,,. 
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C,4By3r,Oj + 4KHO *= C^HgK^O* (j^tamc alizarate) + SKBr + 2Hj,0, 
Alizarine is precipitated *67 decomposing the potasac alizarate ^ith hy£ro> 
chloric acid, CigHgK-O^ + 2HG1 = CjglLO^ {alizarine) + 2KCL A cheaper 
process ibr the artinoial formation of aliwine consists in heating the 
anthraquinone with oil of vitriol, so as to convert it into disulphanthro- 
quinonic acid, which is afterwards converted into potassic alizarate by 
being heated with caustic potash; Cj^HgO,, {anthraquinom) + 2(H,.S(\.Oj) 
{ail of vitriol) = Ci 4 H 8 .(S 0 a)j .04 (dieulphMnthraquinonic acid) + 2HjO, 
.When this acid is heated to about 350° F. with caustic potash, 
C, 4 Hg(S 0 j)y 04 + BKHOssCigHgKjOg {potassic alizarate) + 2(K,O.SOg) 
+ 4H,0. 

The scientific interest of this production of alizarine from anthracene is 
enhanced by the circumstance that anthracene has itself been produced 
by synthesis; for carbon and hydrogen combine, at a high temperature, 
to produce acetylene (CjHj), three molecules of which coalesce at a high 
temperature to form benzole (CgH,^, and by acting upon two molecules of 
benzole with one molecule of ethylene, antliracene has been produced. 


2CgH, + CgH4^ 




IL 


Turmeric is the root of an East Indian plant, the Curcuma longa ; its 
colouring matter, called curcumim, is nearly insoluble in water, but dis¬ 
solves in alcohol Its yellow colour is changed to brown by alkalies, 
which leads to its use in the laboratory as a test of alkalinity. 


427. Litmus, archil, and cudbear are brilliant, though not very per¬ 
manent purple and violet colours, prepared from various lichens, such as 
Roccdla tinctoria (litmus), and Lecauora tartarea (cudbear*). 

Archil and cudbear owe their colour chiefly to the presence of orc6ine 
(C,H 7 N 03 ), which does not exist ready formed in any of the lichens, but 
is developed during the preparation which they undergo. 

If either of the above lichens bo digested for some hours with lime and 
water, and the filtered' solution be neutralised with hydrochloric acid, a 
white gelatinous precipitate is obtained, which dissolves in hot alcohol, 
and is deposited in crystals on cooling. This substance may consist, ac¬ 
cording to the particular lichen employed, of one or more acids, the chief 
of which have been named erythric (CjgHjjOjg), ev&rnic (CjjHjgO?), and 
lecanorie acids. These acids are remarkable for the facUity with 

which they furnish compound ethers when boiled with alcohol. 

When either of these acids is boiled with an excess of hme or baryta, it 
is decomposed, and if the excess of base be removed by carbonic acid, the 
filtered liquid evaporated to a syrup, and extracted with boiling alcohol, 
the latter deposits prismatic crystals of ordno (CTHgOyAq.) The forma¬ 
tion of thisiody, be understood from the following equations— 

Ca,H„0„“+ 2(CaO.HgO) = 2(CaO.COg) + 2C7HgO, + C 4 H,g 04 

Erythric sola. Orcine. Eiythrite. 


C„H„0, + CaO.HgO = CaO.COg 

Brenilc a^id. 


CgHigOg + 
Evemesic 
acid. 


CfHgOg, 

Oidna 


Pure orcine is a colourles^substance, but when exposed to the joint action 
of am m oTiia and air, it is cwiverted into a beautiM red colouring matter, 

CrHgO. + NHg + 0 , « C^NOg 4. 2 H, 0 . 

orcine. Orcine. 

* Said to have been named after Quthbert, a maimfiBcturer of the dye. 

• % P 
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Ore4iae does not crystallise, and dissolves to a slight extent miy in water, 
but readily in alcohol and in alkaline liquids, yielding, in the latter 
case, a beautiM purple solution, which becomes red when mixed with 
acids, and deposits red flakes of orc^ine. 

The chemistry of the processes by which archil and cudbear are pre¬ 
pared will now be easily understood. The powdered lichen is mixed with 
urine (to furnish ammonia) and lime, and exposed to the air for some 
weeks, when the lime decomposes the erythric and other acids, with fomutr 
tion of orcine, which then passes into orc4ine under the influence of the *. 
ammonia and atmospheric oxygen. 

The preparation of litmus from the Boecdla thictoria is similar to that 
j\ist described, but a mixture of carbonate of ammonia and carbonate of 
potash is employed instead of the urine and lim§. The chemical change 
which takes place, although similar in principle, is not precisely identioal 
with the foregoing, for the principal colouring matter developed appears 
to be a red substance called azuUtniine (C,,lljyNOj.,), which differs from 
orc6ine by its insolubility in alcohol. It dissolves in alkaline solutions 
with a beautiful blue colour, which is immediately reddened by acids, a 
property frequently turned to account by the chemist for detecting the 
acid reaction. Litmus occurs in commerce in small cakes, which are 
made np with chalk. 

Erythrite is a crystalline substance extracted from various 

lichens and fungi, which forms combinations with the fatty acids similar 
to those formed by glycerine. It is sometimes represented as a totratomic 
alcohol (p. 554), . 

428. Indigo him (CjjIf,NO) is prepared from various species of Indigo- 
/era, grown in China, India, and America. The plants are covered with 
cold water and allowed to ferment; as soon as a liliio scum appears upon 
the surface, a little lime is added and the mixture stirred briskly for some 
time, when the indigo is deposited in a pulvernleht form ; it is collected 
on calico strainers, pressed and cut up into cakes. 

The theory of the process is not yet clearly explained ; it is certain 
that the indigo blue does not pre-exist in the plant, but is a product of 
the fermentation. Kecent observations have shown that the indigo plants 
probably contain a substance called indienn (C*«H,gNO,g), which stands 
in a similar relation to indigo blue to that in which rubiau stands to 
alizarine (in the case of inadder); it is soluble in water, and when heated 
with an acid, splits up into indigo blue, indigo red, and a peculiar un- 
crystallisable sugar. ^ The indigo red may be extracted from commercial 
indigo by boiling with alcohol, in whi^ the indigo blue is insolubla 
Since indigo blue is insoluble in all ordinary solvents, it is pecossary, in 
order to use it for dyeing, to reduce it to the condition of 'lehite indigo, 
which is soluble in alkalies. 

If 2 parts of protosulphate of iron (copperas) be dissolved in 200 parts 
of water, and well shaken in a stoppered bottle with 1 part of powdered 
indigo and 3 of slaked lime, the indigo will disappear, and con allowing 
the precipitate to subside, a yellow fluid will be obtained, which becomes 
blue at t^ surface as soon as it is exposed ,te air. If this solution be 
mixed with hydrochloric , acid, out of contact with air, a flocculent precipi¬ 
tate of vAtte indigo is obtained. The composition of this substance is 
. C^KO# ai^ it is^fonned from blue indigo (CgH,NO) by the addition of 
an atom.q^hydro^n derived from water, the oxygen of which has com- 
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bined with the protoxide of iron ; one portion of the lime combines with 
the snlphnric acid of the sulphate of iron, whibt another serves to dis¬ 
solve the white indigo, which is soluble in alkaline liquids— 

FeO.SO, + CaO.H^O = FeO.H,0% CaO.SO^. 
2(Fe0.H,0) + H,0 + 2 CgH 5 NO = Fes0s.2H,0 + 2CgH,NO. 

Blue IndlRO. White Indifo. 

The solution of white indigo prepared by this process is employed for 
* dyeing linen and cotton, which are immersed in the vat, and then exposed 
to the air, the oxygen of which removes an atom of hydrogen from the 
white indigo, an<l the blue indigo thus formed is precipitated upon the 
fibre. 

Other reducing agents are sometimes substituted for the protosulphate 
of iron. Even decaying vegetable matter efiects the conversion of blue 
into white indigo in an alktdine liquid. Thus, for some purposes, the vat 
is prepared by fermenting a mixture of indigo, madder, carbonate of potash, 
and lime, when the hydrogen extricated in the fermeutation of the vege¬ 
table matter converts the blue into white indigo, which is then dissolved 
by the potash liberated from the carbonate by the lime. 

When cloth is dyed with indigo (Saxony blue) the colour is dissolved 
l)y means of sulphuric acid. Fuming sulphuric acid dissolves indigo blue 
very readily, but oil of vitriol does not act quite so well. The solution 
thus obtained is commonly called eufphnidigoiic acid^ but it really con¬ 
tains two acids, the sidjihindyUc (HCjH^NO.SO,) and hyimulphindigotic. 
The blue solution becomes colourless when shaken with powdered zinc, 
and resumes its blue colour when shaken with air. 

On heating indigo, it evolves purple vapours, which condense in pris¬ 
matic crystals of a coppery lustre, consisting of pure indigoiine or indigo 
lilue (ChHsNO), which may be obtained in larger quantity by digesting 
indigo with grape-sugar, caustic soda, and weak alcohol, when a solution 
of white indigo is obtained which deposits the crystallised indigotine on 
exposure to air. 

429. AnimnJ colouring maiters .—From the animal kingdom only two 
colouring matters of any great importance are derived, viz., cochineal and 
lac, both which are obtained from insects of the coccus tribe. The colom*- 
ing matter of cochineal is known as enrrtu'iie, and may be extracted 
from the insects by water or alcohol. It has acid properties, and has 
been named canninic acid Carmine-lake is a combination of 

this ncid with alumina, precipitated when a solution of alum and an 
alkaline carbonate are added to one of cochineal. 


UvEiKG AND Calico PiuNTtNo. 

430. The object of the dyer being to fix certain colouring matters 
permanentljf in the fabric, his processes would be expected to vary 
with the nature of the Mter and of the colour to be applied to it. In 
order that uniformity of coilour and its perfect penetration into the fibre 
may be attained, it is evident that the colouring matter must always be 
employed in a state of solution; and it must be rendered fast, or not 
removable by washing, by assuming an insoluble condition in the fiibre* 
The simplest form of dyeing is that in which the fibre itself forms an in- 
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soluble compound with the colouring matter. Thus, if a skein of silk he 
immersed in a solution of indigo in sulphuric acid, it removes the whole 
of the colouring matter from the liquid, and may then be wwhed with wate^ 
without losing colour; but if the same experiment be tried with cotton, 
the indigo will not be withdrawn from the solution, and when the cotton 
has been well squeezed and rinsed with water, it will become white agt^ 
It may be stated generally, that the animal fabrics (silk and wool) will 
absorb and retain colouring matters with much greater facility than 
vegetable fobrics (cotton and linen). In the absence of so powerful an ^ 
attraction between the fibre and the colouring matter, it is usual to impreg¬ 
nate the fabric with a mordant or substance having an attraction for the 
colour, and capable of forming an insoluble combination with it, so as to 
retain it permanently attached to the fabric. Thus, if a piece of cotton 
be boiled in a solution of acetate of alumina, the altimina will be precipi¬ 
tated in the fibre ; and if the cotton bo then soaked in solution of 
cochineal or of logwood, the red colouring matter will form an insoluble 
compound (or lake) with the alumina, and the cotton will be dyed of a 
fast red colour. 

Another method of fixing the colour in the fabric consists in impregnat¬ 
ing the latter with two or more liquids in succession, by the admixture 
of which the colour may be produced in an insoluble state. If a piece of 
any stuff be soaked in solution of perchloride of iron, and afterwards in 
ferrocyanide of potassium, the Prussian blue which is precipitated in the 
fibre will impart a fast blue tint. 

An indispensable preliminary step to the dyeing of any fabric is the 
removal of all natural grease or colouring matter, which is effected by 
processes varying with the nature of the fibre, and is preceded, in the 
cases of cotton and woollen materials which are to receive a pattern, by 
certain operations of shaving and singeing, for removing the short hairs 
&om the surface. 

From linen and cotton, the extraneous matters (such as grease and resin) 
are generally removed by weak solutions of carbonate of potash or of 
soda, and the fabrics are afterwards bleached by treatment with chloride 
of lime (p. 161). But since the fibres of silk and wool are much more 
easily injured % alkalies and by chlorine, greater care is requisite in 
cleansing them. Silk is boiled with a solution of white soap to remove 
the gutn, as it is technically termed; but the natural grease is extracted 
from wool by soaking at a moderate temperature in a weak bath either of 
soap or of ammoniacal (putrefied) urine. Both silk and wool are bleached 
by sulphurous acid (p. 200), 

Among the red dyes the most important are madder, Brazil wood, 
cochineal, lac, and the colours derived from aniline. 

In dyeing red with madder or Braal wood, the linen, cotton, or wool 
is first mor^nted by boiling in a solution containing alum and bitartrate 
of potash, when it combines with a part of the alumina, and on plunging 
the stuff into a hot infusion of madder, the colouring matter forms an in¬ 
soluble combination with that earth. o 

^ To dye Turkey-red, the stuff is also mordanted with alum, but has pre¬ 
viously to. undergo several processes of treatment with oil aM with g^ls, 
the necessity of which is satisfactorily established in practice, though it is 
not eai^ to explain their action. The colour is finally brightened by 
boiling tlie. ^uff with chloride of tin. 

WooUeif cloth is dyed scarlet with lac or cochineal, having been first 
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mordanted by boiling in a mixture of percblohde of tin and bitartrate of 
potash. 

The aniline colours (see p. 451) are employed for dyeing sUk and wool, 
either without any mordant or with the help of albumen. 

Blues are generally dyed with indigo (p. 695), or with Prussian blue; in 
the latter case the stuff is steeped successively in solutions of a salt of 
peroxide of iron and of ferrocyauide of potassium. Aniline blue ig also 
much employed for silk and woollen ffilnrics. 

The principal yellow dyes are weld, quercitron, fustic, annatto, chiys- 
aniline, and chromate of lead. For the four first colouring matters 
aluminous mordants are generally applied. Chromate of lead is produced 
in the fibre of the stuff, which is soared for that purpose, first in a solu¬ 
tion of acetate or nitrate of lead, and then in chromate of potash. 

Carbazotic acid (p. 456) is also sometimes employed as a yellow dye. 

In dyeing blacks and browns, the stuffs are steeped first in a bath con¬ 
taining some form of tannin (p. 5S1), such as infusion of galls, sumach, or 
catechu, and afterwards in a solution of a salt of iron, different shades 
being produced by the addition of indigo, of sulphate of copper, &c. 

431. The art of caUco-printing differs from that of dyeing, in that the 
colour is required to be applied only to certain parts of the fabric, so as 
to produce a pattern or design either of one or of several colours. 

A common method of printing a coloured pattern upon a white ground 
consists in impressing the pattern by passing the stuff under a roUer, to 
wliich an appropriate mordant thickened with British gum (p. 481) is ap¬ 
plied. The stuff is then dunged, i.e., drawn through a mixture of cow- 
dung and water, which appears to act by removing the excess of the 
mordant, and afterwards immersed in the hot dye-batli, when the colour 
becomes permanently fixed to the mordanted device, but may be removed 
from the rest of the stuff' by washing. 

If the pattern be printed with a solution of acetate of iron, and the 
stuff immersed in a madder-bath, a lilac or black pattern will be obtained 
according to the strength of the mordant employed. By using acetate of 
alumina as a mordant, the madder-bath would give a rad pattern. 

A process which is the reverse of this is sometimes employed, the 
pattern being impressed with a resist, that is, a substance which will pre¬ 
vent the stuff from taking the colour in those parts which have been 
impregnated with it. For example, if a pattern be printed with thickened 
tartaric or citric acid, and the stuff' be then passed through an aluminous 
mordant, the pattern will refuse to take up the alumina, and subse¬ 
quently, the colour from the dye-bath. Or a pattern may be printed with 
nitrate of copper, and the stuff passed through a bath of reduced indigo 
(p. 694), wlen the nitrate of copper will oxidise the indigo, and by con¬ 
verting it into the blue insoluble form, will prevent it from sinking into 
the fibre of those parts to which the nitrate has been applied, whilst else¬ 
where, the fibre, having become impregnated with the white iudigo, 
acqxiires a fret blue tint when exposed to the air. 

Sometimes the stuff is«unifon^y dyed, and the colour discharged in 
order to form the patterq. A white pattern is produced upon a red 
(madder) or blue (indigo) ground by printing with a thickened add dis¬ 
charge, and passing the stuff through a weak batfi of chloride of lime, 
which removes the colour from those pturts only which were impregnated 
with the acid (p. 151). By adding nifrate of lead to the acid discharge, 
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an ti jB<nally pas^g the stuff through solution of chromate of potash, a 
yellow pattern (chromate of lead) may be obtained upon the madder red 
ground. 

By applying nitric acid as a discharge, a yellow pattern may be obtained 
upon an indigo ground (p. 131). 

Very brilliant designs are produced by mordanting the stuff in a solu¬ 
tion of stannate of-potash or soda (p. 383), and immersing it in dilute sul¬ 
phuric acid, which precipitates the stannic acid in the fibre. When the 
thickened colouring matters are printed on in patterns, and exposed to the , 
action of steam, an insoluble compound is formed between the colour and 
the stannic acid, which usually exliibits a very fine and permanent 
colour. 

It is evident that by combining the principles of which an outline has 
just been given, the most varied parti-coloured patterns may be printed. 


ANIMAL CIIEMiSTKY. 

432. Our acquaintance with the chemistry of the substances composing 
the bodies of animals is still very limited, although the attention of many 
accomplished investigators has been directed to this branch of the science. 
The reasons for this are to be found, firstly, in the susceptibility to change 
exhibited by animal substances when removed from the influence of life; 
and secondly, in the absence, in such substances, of certain physical pro¬ 
perties by which we might be enabled to sepaiate theifi from other bodies 
with which they are associated, and to verify their purity when obtained 
in a separate state. Two of the most important of these properties are 
volatility and the tendency to crystallise. When a substance can suffer 
distillation without change, it wiU be remembered that its boiling point 
affords a criterion of its purity; or if it be capable of crystallising, this 
may be taken advantage of in separating it from other substances which 
crystallise more or less easily than itself, and its parity may be ascertained 
from the absence of crystals of any other form than that belonging to the 
substance. But the greater number of the components of animal frames can 
neither be crystallised nor distilled, so that many of the analyses which 
have been made of such substances differ widely finm each other, because 
the analyst could never be sure of the perfect purity of his material; and 
even when concordant results have been obtained as to the percentage 
composition of the substance, the atomic formula deduced &om it has been 
of so singular and excoptiohd a character as to cast very strong suspicion 
upon the purity of the substance. 

Accordingly, the chenaical formulae of a great many anima/ substances 
are perfectly unintelligible, conveying not l^e least information as to the 
position in which the compound stands with respect to other substances, 
or the changes which it might undergo under given circumstances. 

It has been shown in the previous chapters of this work that we are 
gradually learning to class all compotm^ bodies ^der a few typical forms, 
so that the chemical properties of an^substance may in many cases be 
predicted &om its composition aaindicatiug tbfi ty|>e to which it belongs, 
l^e, for es^ple, the class of alcohols (0;;Hj;.^.jO), or of volatile acids 
or of ammonias (XYg), and it will be seen that even those 
formulp whiph aafe apparently the most complex, are perfectly intelligible 



MItK. 


599 

when referred to their proper type (p. 634). But the extraordinary for- 
muiae, for example, deduced from the ultimate analysie of 

Albumen, and 

Caseine, 

cannot be referred to any known type, and refuse to be classed with other 
substances, even if a type were invented expressly for them. 

Animal chemistry is for the above reasons in a very backward condition, 
^ as compared with vegetable and mineral chemistry, though an obsemtion 
of the progress of research affords us the consolation, that a steady advance 
is being made towards a generalisation of the facts which have been dis¬ 
covered, especially by analogical reasoning from those two other depart¬ 
ments of the science. 

Milk. —^The chemistry of milk is well adapted to introduce the study 
of animal chemistry, because that liquid contains representatives of all the 
substances which make up the animal frame ; and it is on this account 
that it occupies so high a position among articles of food. 

Although, to the unaided eye, milk appears to be a perfectly homo¬ 
geneous fluid, the microscope reveals the presence of innumerable globules . 
floating iu a transparent liquid, which is thus rendered opaquA If milk 
be very violently agitated for several hours, masses of an oily fat (hutter, 
p. 572) are separated from it, and leave the liquid transpai’ent. This fat 
was originally distributed throughout the milk in minute globules enclosed 
in very thin membranes, Avhich were torn by the violent agitation, and 
the fatty globules then cohered into larger masses. 

For the preparation of butter, it is usual to allow the milk to stand for 
some hours, when a layer of creatn collects upon the surface, the proiioi- 
tion of which is very variable, but is generally almut -jJ^th of the volume 
of the milk. The skimmed milk retains about half of the fatty matter. 
1’his cream contains about 6 per cent, (by Aveight) of fat, 3 per cent, of 
t aseine, and water. When the cream is churned, the enclosing membranes 
of the fat globules are broken, and the fat unites into a somi-solid mass 
of batter, from which the butter-milk containing the caseinc may be 
separated. If this be not done effectually, the caseine Avhich is left in 
the butter, being a nitrogenisod substance, will soon begin to decompose, 
and will induce a decomposition in the butter (p. 572), resulting in the 
elunination of certain volatile acids, which impart to it a rancid and offen¬ 
sive taste and odour. To prevent this, salt is generally added to butter 
which has been less carefully prepared, in order to preserve the caseine 
from decomposition. Butier-^Ulk contains about one-fourth of the fatty 
matter of the milk. 

Pure butter is essentially a mixture of margarine and oleine with 
smaller quaVtities of other fats, such as butyrine, caprine, and caproine 
(p. 672). 

Fresh milk is slightly alkaline to test-papers, but after a shoit time it 
acquires an add reaction ; and if it be then heated, it coa^lates from the 
separation of the caseine. This spontaneous acidification of milk is caused 
by the fermentation of the sugar of^ilk, under the influence of the canine, 
which results in the production o^aeth acid, according to the equation— 

C.:b,,0,. = 4HC.H.O,. 

Sugar ^iUk. Lactic acid. 

The caseine, being insoluble in the acid fluid, separates in the fonn of 
curd. This development of lactic acid is spoken of as the lactic fermen- 
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Motion, and may be excited not oidy in milk sugar, but in other substances 
Analogous to it. This is taken advantage of in the preparation of lactic 
acid, for tvhich purpose 8 parts of cane-sugar are dissolved in 60 parts of 
wator, and 1 part of poor cheese with 3 parts of chalk are added to the 
mixture, which is then allowed to remain for some weeks at about 80® F. 
The lactic acid formed from the cane-sugar (CjjHagO,,), under the influence 
of ftlifttigiTig casdme in the cheese, combines with tiie Hme of the chalk, 
disengaging the carbonic acid, and forming crystals of lactate of lime 
(Ca2Gj,HaOj). This is dissolved in boiling water, reciystallised in order «• 
to purity it, and digested with one-third of its weight of sulphuric acid, 
which converts the lime into sulphate, liberating the lactic acid; by add¬ 
ing alcohol, the whole of the sulphate of lime is precipitated, and the 
lactic acid is dissolved by the alcohol, wliich leaves it on evaporation as a 
colourless, syrupy, very acid liquid, which may be distilled, though with 
some loss from decomposition, ^ heated out of contact with air. 

By heating lactic acid to about 270® F, for a considerable length of 
time, a molecule of water is expelled, and the lactic anhydride (CsH^oOb) 
is left as a brownish glassy substance, w’hich is reconverted into the 
acid by boiling with water. At a temperature of 500® F. lactic acid 
undergoes a destructive distillation, the most interesting product of 
which is a transparent crystalline substance called lactide (CJI^O,) dil- 
fering from lactic acid by the elements of water, which it resumes when 
dissolved in that liquid, being converted into lactic acid (CgHgOj). When 
lactic acid is heated with hydriodic acid in a sealed tube, it is converted 
into propionic acid— 

HCgHjOg {Lactic acid) + 2111 = HC^HsO, (Propionic acid) + H^O •+ I,. 

Lactic acid is an important constituent of the animal body, being found 
in the juice of muscular flesh, in the gastric juice, &c. 

If milk be maintained at a temperature of about 90® F., the fermenta¬ 
tion induced by the caseine results in the production of alcohol and car¬ 
bonic acid, for although milk-sugar is not fermented like oi*dinaiy sugar 
by contact with yeast, it appears, xmder the influence of the changing 
caseine at a favourable temperature, to be converted first into grape-sugar 
(p, 486), and afterwards into alcohol and carbonic acid. The Tartars pre¬ 
pare an intoxicating liquid, which they call koumise, by the fermentation 
of milk. 

When an acid is added to milk, the caseine is separated in the form of 
curd, in consequence of the neutralisation of the soda which retains it 
dissolved in i^sh milk, and this curd carries with it, mechanically, the 
fat globules of the milk, leaving a clear yellow whey. 

In the preparation of cheese, the milk is coagulated by means of 
which is prepared from the lining membrane of a calf s stomaeli. This is 
left in contact with the warm mUk for some hours, until the coagulation is 
completed. This action of rennet upon milk has not yet received any satis¬ 
factory explanation. The curd is collected and pressed into cheeses, which 
are allowed to ripen in a cool place, where they are occasionally sfuinkled 
with salt. The peculiar flavour which the cheesi^ thus acquires is due to 
the decomposition of the fatty matter under the influence of the caseine, 
giving rise to the production of certain volatile acids, such as butyric, 
valerianic, and caproic, which have very powerful and characteristic odours. 

If t^lis ripening be.allowed to proceed very far, ammonia is developed by 
the puti$luition of caseine, mid in some cases the ethers of the above- 
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mentioned acids are produced, at the expense probably of a little sugar of 
milk left in the cheese, conferring the peculiar aroma perceptible in some 
varieties of it. 

The different kinds of cheese are dependent upon the kind of mUk 
used in their preparation, the richer cheeses being, of course, obtained 
from milk containing a large proportion of cream; such cheese fuses at a 
moderate heat, and makes good toasted cheese, whilst that which (^ntains 
little butter never fuses completely, but dries and shrivels like leather. 

Double Gloucester and Stilton are made from a mixture of new milk 
and cream. Chedder cheese is made from new milk alone. Cheshire 
and American cheeses, from milk rubbed of about one-eighth of its cream. 
Dutch cheese and the Skim Dick of the midland counties, from skimmed 
milk. 

Caseine .—^The pure curd of milk is known as casoine and consists 
essentially of carbon, hydrogen, nitrogen, oxygen, and a small proportion 
(one per cent.) of sulphur. The simplest expression of the result of the 
analysis of caseine, in formula, would be but the anoma¬ 

lous complexity of this formula conveys a suspicion that the composition of 
pure caseine has yet to be fixed. By whatever process it has been purified, 
hitherto it has always been found to retain saline matters. The com¬ 
plexity of its composition accounts for its liability to undergo putrefactive 
decomposition. 

Coagulated caseine is charac'terised by the facility with wdiich it is dis¬ 
solved by alkaline solutions, such as carbonate of soda, yielding a liquid 
upon the surface of which, W'hcn boiled, an insoluble pellicle forms, exactly 
similar to that which forms upon the surface of boiled milk, (’oagulated 
caseine may ijso be dissolved by acetic or oxalic acid, but the addition of 
sulphuric or hydrochloric acid reprecipilutes it. these acids apparently 
forming insoluble compounds with caseine. 

If skimmed milk be carefully evaporated to dryness, and the fat extracted 
from the residue by ether, the caseine is left in tlie soluble form mixed 
w’ith milk-sugar, and is capable of dissolving in water or in weak alcohol. 

Caseine appears to possess the properties of a weak acid, since it 
combines both with the alkalies and alkaline earths, and is even said to 
be capable of j)artially neutralising the former. A mixture of cheese anf 
slaked lime is sometimes used as a cement for earthenware, the caseine 
combining with the lime to form a hard insoluble mass. The curd of 
milk, washed and dried, is used by calico-printers, under the name of 
laetanne, for fixing colours. If it be dissolved in weak ammonia, mixed 
with one of the aniline dyes, printed on calico, and steamed, the am¬ 
monia is expelled, and the colour is left behind as an insoluble compound 
with the qaseine. 

Caseinef or a substance so closely resembling it as to be easily con¬ 
founded with it, is found in peas, beans, and most leguminous seeds. If 
dried peas be crushed and digested for some time in tepid water, a turbid 
liquid is obtained, holding stmeh in suspension. If this be allowed to 
settle, the«clcar liquid is an impure aqueous solution of legumitte^ or vege¬ 
table caseine, which conatitutes about one-fourth of the weight of the peas. 

This solution is not cqpgulated by heat, but becomes covered with a 
pellicle similar to that wMA forms upon the surface of boiled milk. It 
is coagulated by acetic acid and by rennet, just as is the case with the 
caserne of milk. 

Sugar of milh—'Whm whey is evaporated to a small bulk and allowed 
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to cool, it deposits hu'd white prismatic ci^stals of sugar of milk, or 
lactine which is mtjph less soluble, ^d therefore less sweet 

than cai^-sugai. . 

like this latter it may be converted into grape-sugar (CgHj^O.) by 
taking up the elements of two molecules of water when boiled with dilute 
i^ida I^lk-sugar resembles the other sugars in its capability of combin¬ 
ing with some bases, snch as the alkalies, alkaline earths, and oxide of 
lead; with the latter it forms two insoluble compounds. 

At about 280° F. the crystals of milk-sugar lose a molecule of water 
and become At 400° F. the sugar fuses, and two molecules 

lose five molecules of water. 

It will bo seen that the characteristic constituents of milk are the 
caseine and milk-sugar, but the proportions in which these are present 
vary widely, not only with the animal from which the milk is obtained, 
but with the food and condition of the animal. A general notion of their 
relative quantities, however, may be gathered from the following table, 
exhibiting the results of the analyses made by Boussingault:— 


1 

^ i'tiV. 

.\ss 

Goat. 

Woman. 

Water, ... 

S7-4 

90-5 

82-n 

88-4 

Butter, . . . 

4-0 

1-4 

4-5 

2-5 

Milk-sugar, | 
Soluble salts, ^ 

5 0 


lo 


Caseine, i 

S-6 

17 

9-0 

3-8 

Insoluble salts, 1 




I’he soluble salts present in milk include the ]»l)osphates of potash au<l 
soda, and the chlorides of potassium and sodium, whilst the insoluble 
salts are the phosphates of lime, magnesia, and oxide of iron. All these 
salts are in great request for the nourishment of the animal frame. 

The milk supplied to consumers living in towns is subject to consider¬ 
able adulteration; but in most cases this is effected by simply removing 
the cream and diluting the skimmed milk with water, a fraud which is 
not easily detected, as might be supposed, by dcterminitig the specific 
gravity of the milk, for sinc(j milk is heavier than water (1'032 sp. gr.), 
and the fatty matter composing cream is lighter than water, a certain 
quantity of cream might he removed, and water added, without altering 
the specific gravity of the milk. 

The most satisfactory method of ascertaining the quality of the milk 
appears to consist in setting it aside for twenty-four hours in a tall narrow 
tube {lactometer)f divided into 100 equal parts, and measuring the pro¬ 
portion of cream which separates, this averaging, in pure milk, frbm eleven 
to thirteen divisions. By shaking milk with a little potash <to dissolve 
the membrane which envelopes the fat globules) and ether, the butter may 
be dissolved in the ether which rises to the surface, and if this be poured 
off and allowed to evaporate, the weight of the batter may be ascertained. 
lOOQ grains of milk should give, at least, 27 <* 28 grains of butter. 
Since, however, the milk of the same cow give%very different quantities 
of ewam at different times, it is difficult to state confidently that adultera¬ 
tion nas been pr^tise^. It is said that certain yellow colouring matters, 
such as aunatto wmt turmeric, as W'ell as gum, starch, &c., are occasionally 
©iBldoyeit to ednfer an'appearance of richness upon impoverished milk. 
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433. Blood. —Tito blood from which the various organs of the body 
directly receive their nourishment is thQpmost important, as well as the 
most complex of the animal fluids. Its chemical examination is attended 
with much difficulty, on account of the rapidity with which it changes 
after removal from the body of the animal. 

On examining freshly drawn blood under the microscope, it is observed 
to present some resemblance to milk in its physical constitution, Qonsist^ 
ing of opaque flattened globules floating in a transparent liquid ; the 
globules, in the case of blood, having a well-marked red colour. 

In a few minutes after the blood has been drawn, it begins to assume 
a gelatinous appearance, and the semi-solid mass thus formed separates 
into a red solid portion or dot, which continues to shrink for ten or 
twelve hours, and a clear yellow liquid or serum. It might be supposed 
that this coagulation is due to the cooling of the blood, but it is found by 
experiment to take place even more rapidly when the temperature of the 
blood is raised one or two degrees after it has been drawn j and on the 
other hand, if it be artificially cooled, its coagulation is retarded. Indeed, 
the reason for this remarkable behaviour of the blood is nut yet understood. 

If the coagulum or clot of blood be cut into slices, tied in a cloth, and 
well washed in a stream of water, the latter runs off with a bright red 
colour, and a tough yellow filamentous substance is left upon tlie clotlx; 
this substance is called fibrine, and its presence is the proximate cause of 
the coaguktiou of the blood, for if the fresh blood be well whipi)ed with 
a bxuidle of twigs or glass rods, the fibrine wiH adhei-e to them in yellow 
strings, and the ilefibriuated blood will no longer coagulate on standing. 
If this blood, from which the fibrine has been extracted, be mixed with 
a large quantity of a saline solution (for cxamj)le, 8 times its bulk of a 
saturated solution of sulphate of soda), and allowed U) stand, the red 
globules subside to the bottom of the vessel. 

These globules are minute bags of red lliii<l, enclosed in a very thin 
membrane or cell-wall, and if w’ater were mixed with the ilelibrijiated 
blood, since its specific gravity is lower than that of the fluid in the 
globules, it would pass through tlio membrane (by endusmosi ), and so swell 
the latter as to break it and disperse the contents through the liquid. 

The red fluid contained in these blood globules consists of an aqueous 
solution, containing as its principal constituents a substance known as 
glohulim, which very nearly resembles albumen, and the i>cculiar colour¬ 
ing matter of tlie blood, which is called lutamfinv. 

Beside those, the globules contain a little fatty matter and certain 
mineral constituents, especially the iron (which is associated in some 
unknown form with the colouring matter), the chlorides of sodium and 
potassium^ and the phosiffiates of potusli, soda, lime, and magnesia. 

Though*the quantities of these constituents are not invariable, even in 
the same individual, the following numbers may be taken as reprosonliijg 
the average composition of these globules: — 

• 1000 jmrts of Blood Otobules rontaiv — 

Water, . . . * . 688‘00 Organic substances of | 

Globulkie, . . •. 282‘22 unknown nature, . ' 

Hiematine, . . . 16’76 Mineral substances,* 

Fat.2-Sl 

Exclusive of the iron which is associated with the hietnaliue. 


2-60 
8 12 
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Potaasiaiu, 
Phosphoric acid, 
Sodium, . 
Chlorine,. . 


Tht mineral mhstmees c&naiat of— 


. 8 328 
. 1*184 
. 1-052 
. 1*686 


Oxygen, . 

Phosphate of lime. 
Phosphate of magnesia, 
Sulphuric acid, . 


0*667 

0*114 

0*073 

0*066 


Globuline is a substance very simile in its character and composition 
to albumen; it is found also in large proportion in the matter composing 
the crystalline lens of the eye. 

The hcematine or hcematosine must be accounted the most important 
constituent of the blood globules, since it appears to be more intimately 
connected than any other with the functions discharged by the blood in 
nutrition and respiration. 

In order to obtain it in the separate state, the blood globules are boiled 
Avith alcohol acidulated with sulphuric acid, and the red solution mixed 
with carbonate of ammonia, W'hich separates the greater part of the globu¬ 
line ; the filtered liquid is evaporated to dryness, and all soluble matters 
are extracted by successive treatments wdth water, alcohol, and ether. By 
again dissolving the brown residue in alcohol containing ammonia, filter¬ 
ing, evaporating to dryness, and removing any soluble matter by water, a 
dark brown substance is obtained, which is supposed to be pure hsematine, 
though no longer in the soluble state in W’hich it existed in the blood. It 
is now dissolved only by alkalies or by acidulated alcohol. 

In its chemical composition hsematino is remarkable for the presence 
of iron, associated in a very intimate manner with carbon, hydrogen, 
nitrogen, and oxygen, so that it cannot be recognised by the ordinary 
tests. The formula which has been assigned to it is C^^H^NgOgFo, but it 
is rather doubtful whether it has been analysed in a perfectly pure state. 

The most important chemical property of haematine is its behaviour 
with oxygen. It is well known that the blood issuing from an artery has 
a much brighter red colour than that drawn from a vein, and that when 
the latter is allowed to coagulate, the upper part of the clot, which is in 
contact with the air, is brighter than the lower part. 

When the dark red blood drawn from a vein is shaken up with air or 
oxygen, a quantity of the latter is absorbed, and a nearly equal volume of 
carbonic acid is disengaged, the dark red colour being at the same time 
changed to the bright red characteristic of arterial blood. The carbonic 
acid exists already formed in the venous blood, and is given off if the 
blood is exposed under an exhausted receiver. The condition assumed 
by the oxygon when absorbed by the blood is not yet clearly understood, 
but it is generally allowed that the conversion of venous into arterial 
blood is due to the displacement of carbonic acid by oxygen. 

The liquid in which the blood globules float is an alkaline solution con¬ 
taining albumen, fibrine, and saline matters in about the proportions here 
indicated. 


Water, 
S4bumeJi, 
Fibrine, . 
Fat, 


1000 parts of Liquor Sanguinis contain — 


902*90 

78*84 

4*05 

1-72 


Organic substances of un¬ 
known nature, 

Mineral substances, . 


3*94 

8*65 
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Th£ mineral eubetanees eonsiet of — 


Sodium, . 

8-841 

Phosphoric acid, 

0-191 

Chlorine, . 

8-644 

Snlphuric acid, 

0-116 

Potassium, 

. 0-823 

Phosphate of lime, . 

0-811 

Oxygen, . 

. 0-408 

Phosphate of magnesia, . 

0-222 


The alkaline character of tliis liquid appears to bo due to the presence of 
carbonate and phosphate of soda. 

The albumen present in the serum of blood causes it to coagulate to a 
gelatinous mass when heated, this property being the distinctive feature 
of albumen. This substance may be obtained as a transparent yellow 
mass, resembling gum, and dissolving slowly in water, by evaporating 
either serum of blood or white of egg below 120° F.; but if the tempera¬ 
ture be raised above that point, the albumen is coagulated, and cannot bo 
redissolved in water unless heated with it under pressure. 

Albumen, like caseine, has never been obtained perfectly free from 
saline matters, particularly the alkaline and earthy phosphates, and much 
difficulty attends the exact determination of its composition. The simplest 
formula which can be assigned to it is CiogHjsjNgjO^S. 

It will be remembered that a substance identical with, or very closely 
resembling, albumen, and known as vegetable albumen, is found in those 
vegetable juices which are coagulated by heat. 

Fibrine, as existing in blood, differs from all other animal substances 
by its tendency to spontaneous coagulation. When coagulated it exhibits 
characters very similar to those of coagulated albumen; but when sepa¬ 
rated from the freshly dra^vn blood by violent stirring, it forms elastic 
strings which dry into a yellow homy mass. Fibrine is one of the most 
important constituents of the animal frame, for all muscular llesh consists 
of this substance. The gluten found in the seeds of the cei*ealia bears a 
very close resemblance to fibrine, and is often called vegetable fibrine. 

The same formula has been often assigned to fibrine as to albumen, and 
its complexity would explain its disposition to putrefy when removed 
from the influence of life. It does not appear quite certain that the 
fibrine dissolved in the blood is identical in composition with that of 
muscular fibre. Some analyses have shown that thl muscular fibrine con¬ 
tains more oxygen than blood-fibrine, and this latter more than albumen, 
affording some ground for the belief that the blood-fibrine represents the 
transition state between the albumen of tlie serum and the muscular flesh 
into which it is eventually converted. 

Albumen, fibrine, and caseine have been regarded by some chemists 
as compounds of the same primary substance (prote.ine) combined with 
different proportions of sulphur and phosphorus, the proteine being 
isolated by boiling the albuminous body with potash and precipitating the 
solution by an acid. The composition usually assigned to this subs^ce 
is ; but since it is neither crystallisable nor capable of conver¬ 

sion into vapour, there is no proof of its purity ; and the great use which 
has been fuade of this substance by writers on animal chemistry is due to 
the apparent simplicity which it confers upon the relations existing 
between the numerous modifications of albumen, fibrine, and caseine, the 
ultimate formulae of which present so high a degree of complexity. 

In the substance of the -brain there has been found a very remarkable 
crystalline substance, which has been termed proiagtm, and is a complex 
compound of carbon, hydrogen, nitrogen, oxygen, and perhaps phosphorus, 
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to which no probable formula has yet been assigned. It is very easily 
decomposed, even below 212°. Protagon is insoluble in water, but dis¬ 
solves in hot alcdhol and in acetic acid. When boiled with solution of 
baryta, it yields act’d, and a strongly alkaline base nmrine. 

Eggs. —^The shell of the egg contains about nin%tenth8 of its weight of 
carbonate of lime, associated with animal matter. The white of egg con¬ 
sists of albumen (about 12 per cent.), water (about 86 per cent!), and 
small quantities of soluble salts. It is alkaline, from tlie presence of a 
little soda. Eaw white of egg has no smell of sulphuretted hydrogen, 
and does not blacken silver; but after boiling, both these properties are 
manifested, showing that it suffers some decomposition during coagulation. 

Yolk of egg cfmtains a modification of albumen termed viieMine^ and 
owes its colour to a yellow oil which may be extracted with ether, and 
contains phosj)horic acid. Tile yolk of hens’ eggs has about half the 
weight of the white, and commonly contains about half its weight of 
water, 16 per cent, of vitelline, 30 per cent, of fat, and 1-5 per cent, of 
saline matters. 

434. Flesh. —The fihrine composing muscular flesh contains about 
three-fourths of its weiglit of water, a part of wliich is due to the hlood 
contained in the vessels traversing it, and another pai-t to thejiu/ce of flesh, 
which may be squeezed out of the chopped fiesh. In this juice of flesh 
there are certain substances which appear to play a very important ]>ait 
in nutrition. The liquid is distinctly acid, which is remarkable when 
the alkaline character of the hlood is considered, and contains phosphoric, 
lactic, and butyric acid, together with kreatine, inosite, and saline matters. 
J>y soaking minced flesh in cold water and well squeezing it in a cloth, 
a red fluid is obtained confcwning the Juice of flesh mixed with a little 
blood. When the liquid is gently heated, the albumen of the blood and 
of the juice is coagulated in flakes stained with the colouring matter; 
the liquid filtered from these may be mixed with baryta water to precipi¬ 
tate the phosphoric acid j and after a second filtration, evaporated to a 
syrupy consistence and set aside, when beautiful colourless prismatic 
crystals are obtained,^ consisting of a feeble organic base called hraiim,* 
the composition of which is represented by the formula C^H^NjOyAq. 

'ITie quantity of this substance obtained from the fiesh of difi’erent 
animals varies very considerably, that of fowls having been found hitherto 
most productive, and next that of fish. 1000 ptirts of the flesh of fowl 
I'urnished 3'2 jjarts of kreatine, 1000 parts of cod, r71 of kreatine, and 
1000 of beef, 0*70 parts. Human flesh is said to contain a large propor¬ 
tion of kreatine. 

When boiled with acids, kreatine loses the elements of water, and is 
converted into a powerful base called hreathune (C^H^N^O), which is also 
found in minute proportion, accompanied by kreatine, in the urine. 

Boiled with alkalies, kinatine gains the elements of water, and furnishes 
two oiganic bases, «rca*(al 80 found in mine), and sarcodm fle8h).+ 

+ H,0 = CH,H,0 4. 

Krutlne. Orea. ^, Stircoslne. 

♦.From Kpeat, Jieth. 

tEaroosine Las,been obtained srtifieiaUy by the action of chloracetic add on isethy- 
laniine ; 

C,|[,C10, + NH,(CH,) = C,H,NO, + IICI. 

% CUoi'ineite acid. Metbylamine. Sarcosine. ' 
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From the concentrated flesh-extract which htis deposited the kreatine, 
there may be obtained, by careful treatment, crystals of a sweet substance 
called imdte or sugar of flesh, and having the composition CyH„Og.2Aq. 
At a temperature below 212** F. it loses water, and has then the same 
composition as dry grape-sugar, CgH„Oy, with which, however, it is 
certainly not identical.* 

Inosito has been obtained in very minute proportion from £l(^h, but 
unripe beans are said to yield as much as 075 per cent, of this interesting 
sugar. 

The saline constituents of the juice of flesh are chiefly phosphates of 
l)otash, magnesia, and lime, with a little chloride of sodium. 

It is w'orthy of notice that potash is the predominant alkali in the 
juice of flesh, whilst soda predominates in the blood, especially in the 
serum. 

According to Liebig, the acidity of the juice of flesh is chiefly due to 
the acid phosphate of jiotash, J^O.SH^O.PjOj, whilst the alkalinity of 
the blood is caused by the phosphate of soda, 2 Na^ 0 .H, 0 .P.j 05 > it 
has been suggested that the electric currents which have been traced in 
the muscular libi-es ai-e due to the mutual action between the acid juice of 
flesh and the alkaline blood, separated only by thin membranes from each 
other, and from the substance of the muscles and nerves. 

'I’ho average composition of flesh may be repre.sente.(l as follows :— 

Water,.78 

Fil trine, vitwel-s, nerves, cells, { 

&'•.i 

AII'Uiiicii, ... . 2‘u 

OMier constituents of tlie 
juice ol' llesli, . . jT 

Liehhfs ejcimet of meat is prepared by exhausting all the soluble matters 
from the flesh with cold water, separating tiro albumen by coagulation, 
and evaporating the liquid at a steam heat to a soft extract. It contains 
about half its weight of water, 40 per cent, of the organic constituents of 
the juice of flesh (albumen excepted), and 10 per cent, of saline matter. 

Coolcimj of Meat .—A knowledge of the composition of the juice of flesh 
explains the practice adopted in boiling meat, of immersing it at once in 
boiling water, instead of placing it in cold water, which is afterward.s 
raised to the boiling point. In the latter case, tlie water would soak into 
the meat, and remove the important nutritive matter contained in the 
juice ; whilst, in the former, the albumen in the external layer of flesh is 
at once coagulated, and the water is prevented from penetrating to the 
interior. 4n making poujr, of course, the opposite method should bo fol¬ 
lowed, the meat being placed in cold water, the temperature of which is 
gradually raised, so that all the juice of flesh may be extracted, and the 
muscular fibre and vessels alone left. 

The object to be attained in the preparation of heef-tea, is the extraction 
of the whole of the soluble matters from the flesh, to effect which the 
meat should be minced affinely as possible, 8oake4, for a short timo in an 
equal weight of cold water, and slowly raised to the boiling point, at 
which it is maintained for a few minutes. The liquid strain^ from the 
residual librine contains all the constituents of the juice except the albu¬ 
men, which has been coagulated. 
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When meat is roasted, the internal portions do not generally attain a 
sufficiently high temperature to coagulate the albumen of the juice, but 
the outside is heated fer above 212® F. j so that the meat becomes 
impregnated to a greater extent with the melted fat, and some of the 
constituents of the juice in this part suffer a change, which gives rise to 
the peculiar flavour of roast meat. The brown sapid substance thus pro 
duc^ has been called osmazome* but nothing is really known of its true 
nature. 

In salting meat for the purpose of preserving it, a great deal of the 
juice of flesh oozes out, and a proportionate loss of nutritive matter is sus¬ 
tained. 


435. Odatine .—When portions of meat, containing cartilages (gristle) 
or tendons, are boiled for some time %vith water, the liquid so obtained 
sets to a jelly on cooling. This is due to the presence of gelatine or 
diondrin&y or both—substances so nearlj' resembling each other, that they 
were long confounded under the name of gelatine. The difference in their 
origin is that gelatine is obtained by the action of water at a high tem¬ 
perature on skin, membrane, and bone,t whilst chondrintf is obtained in 
the same way from the cartilages. In their properties there is very little 
difference, the most important being that a solution of chondrine is pre¬ 
cipitated by acetic acid, by alum, and by acetate of lead, which do not 
precipitate gelatine. 

In composition there is a considerable difference between gelatine and 
chondrine, the latter containing considerably more oxygen and less nitro¬ 
gen. The simplest formulae which have been assigned to them are— 

Gelatine, . . . 

Chondrine, . . . Cj^HgNgOjg; 


but they both contain phosphates of lime and magnesia in a very intimate 
state of association. 

The characteristic properties of gelatine are the tendency of its solution 
to gelatinise on cooling, and the formation of an insoluble compound with 
tannic acid. The latter is the foundation of the art of tanning (p. 581), 
and the former is turned to account in the preparation of jelly, size, and 
glue, A solution containing only one per cent, of gelatine will set on 
cooling, though if it be repeatedly boiled it loses this properly. 

leinglass is a very pure variety of gelatine prepared from the air bladder 
of fishes, especially of the sturgeon. 

For the manufacture of glm the refuse and parings of hides are gene¬ 
rally employed, after being cleansed from the hair and blood by steeping 
in lime water, and thoroughly exposed to the air for some days, so as to 
convert the lime into carbonate, and prevent the injurious effect of its 
alkaline character upon the gelatine. They are then boiled with water 
till the solution is found to gelatinise firmly on cooling, when it is run 
off into another vessel, where it is kept warm to allow the impurities to 
-.^ttle down, after which it is allowed to gelatinise in shaHoav wooden 
cdblers. The jelly is cut up into slicM, and dried upon nets hung up in 
a free snrrent of air. ‘ Spring and autumn are penally selected for drying 
glue, since the summer heat would liquefy it, and frost would, of course, 
\^^t it, and render it unfit for the market. 


Prom ^oup- 

t TSs aaimtil matterjif bone appears to be isomeric with gelatine, and is called osseine. 
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Size 18 made in a similar manner, but 6ner skins are employed, and 
the diying is omitted, the size bei^ used in the gelatinous state. The 
best size is made from parchment cuttings. 

By the action of acids or alkalies upon gelatine, two crystalline organic 
bases may be obtained, known by the names of glycocollf glycocine^ or 
sugar of gelatine (CgHjIfOg), and Imdne (CbHjjNO,). 

It will be seen that glycocine is isomeric with nitrous ether (CjHj. JfOg), 
and leucine with the (at present unknown) nitrous ether of the caproic 
^series. Leucine has been foimd in bullock’s lungs and in calf’s liyer. 

A large number of animal substances very nearly resemble gelatine in 
their composition among these are hair, wool, nads, horns, and hoofe. 

Hair contains, in addition to carbon, hydrogen, nitrogen, and oxygen, 
from 3 to 6 per cent of sulphur. 

Wool has sometimes to be separated from the cotton in worn-out mixed 
fabrics. The mixture is plunged into diluted hydrochloric acid, dried at 
220° F., and submitted to the action of a machine {thvil), which removes 
the cotton, rendered brittle by the action of the acid, in the form of dust, 
and leaves the wool fibres untouched. When the object is to save tlie 
cotton fibre, the fabric is exposed to high-pressure steam, which has no 
action upon cotton, but converts the wool into a brown matter easily 
removed by a beating machine, and sold, for manure, as uhnate of 
ammonia. 

Silk is said to consist of three layers, the outermost consisting of gela¬ 
tine, and soluble in water; the next of albumen, soluble in acetic acid on 
boiling; and the third of a nitrogenised substance called sericine, which is 
insoluble in water and acetic acid. Spider’s threads appear to consist of 
tliis substance. 

Sponge consists of a similar material, which has been ceXLeA. jibroine. 

436. Urine. —The urine of animals is characterised by the presence of 
certain substances which are only met with in very minute quantities, if 
at all, in a state of health, in the other fluids of the body. The most im¬ 
portant of these are an organic base called urea, uric acid, and hipjmric 
acid. 

Urea ,—^When human urine is evaporated to about an eighth of its 
original bulk, and mixed with an eqi^ volume of nitric acid, a semi¬ 
solid mass is formed consisting of pearly scales of nitrate of urea 
(CH^JSrgO.HIirOs), if these be washed with cold water, afterwards dis¬ 
solved in boih'ng water, and treated with carbonate of baiyta, the nitric 
acid combines with the baryta, and the carbonic acid having no tendency 
to combine with the urea, passes off, leaving the urea in solution— 

2(CH,N,O.JINO,) + BaO.CO, - 2CH,K,0 -f- Ba 2 N 03 -e H^O -e CO,. 

Nitrate of Mrea. Urea. 

After filtering from the excess of carbonate of baryta, the liquid is 
evaporated on a water-bath, when a mixture of urea and nitrate of baryta 
is obtained, from which the urea may be extracted by hot alcohol. On. 
evaporating*the alcohol, beautiful prismatic crystals of urea are deposited. 
Tliese crystals, when onci separated from the urine in a pure state, may 
be preserved indefinitely e^en if dissolved in water; but the urea omw- 
ring in the urine is very soon decomposed, a putrefactive decomposition 
being excited by the mveus, a changeable substance somewhat resembling 
albumen, which collecte in feathery clouds in the urina The change - 
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vMcb. is tlias induced in the utea resnjjts in its conversion into carbonate 
of ftmmflTiifl. — 

CH,N,0 + 2H,0 = 2 NH,.H,O.CO,. 

Ui^. Carbonate of ammonia. 


It is in consequence of this change that the urine so soon exhales an 
nni Tnrmi 5 »»ftl odour. In order to effect the same chaise in pure urea, it , 
is necessary to heat it with water under high pressure. "V^en urea is 
combined with hydrochloric acid, and the hydrochlorate is heated, it 
furnishes hydrochlorate of ammonia and cyanuric acid, according to the * 
equation— 

3(CH,N,O.HCl) = 3(NH,.HC1) + H,CA08- 

Hydrochlorate of urea. Cyanic acid. 


When cyanuric acid is distilled, it yields 3 molecules of hydrated 
cyanic acid (HCNO), and the connexion thus established between urea 
and the cyanogen series becomes intelligible when we see that this base 
is isomeric with cyanate of ammonia (NH 3 .HCNO). In fact, by com¬ 
bining hydrated cyanic acid with ammonia, and evaporating the solution, 
no cyanate of ammonia, but simply urea, is obtained. 

Upon this has been founded a process for obtaining urea artificially, 
which has attracted a great deal of attention as one of the earliest examples 
of the production in the laboratory, of a complex substance formed in the 
animal body. For the artificial production of urea, 56 parts of weU-dried 
ferrocyanide of potassium are intimately mixed with 28 parts of dried 
binoxide of manganese, and the mixture heated to dull redness in an iron 
dish, and stirred until it ceases to smoulder. The oxygen supplied by the 
binoxide of manganese converts the potassium and part of the cyanogen 
of the ferrocyanide into cyanate of potash, the remainder of the cyanogen 
being burnt, and the iron converted into oxide-- 


K,(CN)«Fe 

Ferrocyanide 
of potaiolum. 


+ 


O 9 = 4KCN'0 2CO, 


Cyan&te of potash. 


-f- Njj -I- FeO. 


On treating the residue with cold water, the cyanate of potash is dis¬ 
solved out, and after the insoluble portion has subsided, the liquid may 
be poured off, and 41 parts of sulphate of ammonia dissolved in it. Sul¬ 
phate of potash and cyanate of ammonia are thus formed— 


2KCNO + 2NH,.H,0.S03 = K^O.SO* 4- 2(NH3.HCNO)j 

and if the solution be evaporated to dryness (on a water-bath) the latter 
salt is transformed into urea, which may be separated from the sulphate 
of potash by alcohol, which dissolves the urea only. 

437. The true constitntioa of urea has been the subject of much (ii8(!US8ion among 
chemists. The circumstance that, under certain conditions, this base assimilates 
the elements of water and is converted into carbonate of ammonia, has led to the 
opinion that urea should be classed among the amides (p. 540), when it would be 
represented as derived from carbonate of ammonia (NHJiO.COj by the loss of water, 
just as oxamide ia derived from oxalate of ammonia— 


(irH4),O.CO, - 2H,0 = CH^NjO 

Carbonate of ammonia. Ui-ea. 

- 2H,0 = C,k4N,0, 
Oxalate of ammonia. Oxamide. 


' The question naturally presents itself, whether the various bases formed by snb- 
stitution ftota viunonia (p. 680 ) would famish corresponding ureas when acted 
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nma by oyanic acid. This has been |«taaUy found to be the case; ethykmine 
for example, acting upon cyanic acid, yields ethyl>urea, which is iWneric 
with the cyanate of ethylamine, just as urea is isomeric with cyanate of ammonia. 

NH,(CsH5),HCNO = CH8(C,H,)N,0. 

Cyanate of ethylamine. EtbyKniea. 

It k evident that if urea be derived iinm a double molecule of ammonia by the 
substitution of CO for H,, then ethyl-urea will be derived in a similar manner from a 
double molecule of ethylamine. • 


NjH, 

Eth] 


ithylamlne. 


N8H.(C8H5)(C0)\ 

Ethyl-urea. 


In this case it will be observed that the diatomic group CO, is substituted for one 
atom of the hydrogen, and for one of its representative, ethyle. 

It will be remembered that the amides can be obtained by the action of ammonia 
upon the corresponding ethers; thus oxalic ether treated with ammouia gives nxamidw, 
and the conversion may be intelligibly represented thus— 



Oxalic ether. Ammonia. OxamUte. 



AlcohoL 


In a similar manner, carbonic ether, when heated in a sealed tube with an 
alcoholic solution of ammonia, yields urea and alcohol— 


(CO)" ) 
Carbonic ether. 


+ hJn* 
11*) 
Ammonia 


(CO)" 

H* 

H* ) 
Urea. 




H* 

(C*H.)* j 
Alcohol 


O, 


When cyanic ether (CjHj.CNO) is acted on by ammonia, it yields ethyl-urea, the 
action being precisely parallel to that of ammonia upon cyanic acid— 

H.CNO + NHs = NHa.H.CNO 

Cyanic acid, Urea. 

(CjHal.CNO + NH3 = NH3.(C8Hs).CN0 . 

Cyanic ether. Ethyl-urea. 


Many other compound ureas of this description have been obtained, in which the 
hydrogen is partly or entirely replaced by the alcohol radicals. The relation existing 
between these and fheir prototype, urea, will be seen in the following examples ;— 


Urea, . 

Ethyl-methyl-urea, 

Teti'ethyl-urea, 

Diphenyl-urea, 


CH4N*0 



The supposition that urea is really constituted upon the ammonia type derives 
some confirmation from the circumstance, that a number of substances have been 
obtained whi(^ bear the same relation to urea os the amides do to ammonia. They 
are, therefore# sometimes styled unidcs, and sometimes compound ureas, in which a 
negative or acid radicsd occupies the place of a part of the hydrogen. In illnstration 
of the mode of formation of the bodies of this class, the production of henzureide or 
benzoyl-urea may be referred to. 

When ammonia acts upon chloride of benzoyle, it yields benzamide and hydro¬ 


chloric 

• CyHgO.CL + NHj = CyHjO.NH, -i- HCl. # 

beuM%°.^ , BeuMmlde. 

If urea he substituted for the ammonia, henzureide and hydrochloric acid are 
formed-— 

C.H80.C1 + CH4N,0 = C,H,0.CH,N,0 + HCl. 

Cnlorlde of 
benxoyle. 


Una. 


Benzurelde. 
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Both reactions become ranch more intelligible if urea and its derivatives 
to be composed upon the ammonia type -- 

NH, + (C,H50)C1 = NHj(CyH80) + HCa 


Ammouia. 


Chloride of 
henzoyle. 


Bonesmida 


NjE/CO)" + (C;H60)C1 = N,H8 (CVHbO)(CO)" + 

Benznreldo. 


HCl. 


By similar processes there have been obtained- 


be allowed 


Acetyl-urea, .... lT,Hg{CjH 30 )(C 0 )'' 

Butyryl-urea, . . . N 8 H 8 (C 4 H 70 XC 0 )", &c. 


438. Uric add .—When human urine is acidified vrith hydrochloric 
acid and allowed to stand for some time, it deposits minute hard red 
grains, consisting of uric add (CsH^N^Oj,) tinged with the urinary colour¬ 
ing matter. In urine the acid is present as urate of soda and urate of 
ammonia, which are often deposited from urine in slight derangements of 
the system, when they are present in excess, these salts being very much 
more soluble in warm water than in cold. Since uric acid and its salts 
are very common ingredients pf calculi, this acid is sometimes called lithic 
acid (Xidos, a stone). 

As the quantity of uric acid in human urine does not exceed 1 grain 
in 1000 , recourse is had to other sources for the preparation of this acid, 
which is now extensively used for the preparation of the murexide 
employed in calico-printing. 

The excrements of the boa-constrictor and of birds, which consist almost 
entirely of acid urate of ammonia, and (fuanr>y which has been formed 
by the partial decomposition of the excrements of sea-birds, are excellent 
sources of uric acid. The separation of the uric acid from acid urate 
of ammonia is easily effected by dissolving it in solution of potash, filter¬ 
ing, and adding hydrochloric acid, when the uric acid, which requires 
10,000 parts of cold water, to dissolve it, is precipitated as a white 
crystalline powder. . 

When a solution of potash is saturatej^l with uric acid in the cold, and 
boiled down out of contact with air, small needle-like crystals are depo¬ 
sited, having the composition K 8 .C 4 H 8 K 4 O 3 , and if this be dissolved 
in water, and carbonic acid be passed through the solution, half the potas¬ 
sium is removed as carbonate, and a granular precipitate of acid urate of 
potash, K.H.CjH 8 N 40 g is deposited. Uric acid, therefore, is a dibasic 
acid, and the formula of the acid itself (C.H.N.O«) should be written 
H^CgEgNA. 

When uric acid is added by degrees to strong nitric acid, it dissolves 
with effervescence and evolution of heat; the solution, on cooling, deposits 
octahedral crystals of a substance called alloxan which may 

be represented as formed by the oxidation of the uric acid according to 
the following equation— 


C8H4N4O, -I- HNO, + Rfi = 4. CO, -h N, 

Uiic odd. Alloxan. c 

Alloxan has the curious property of staining tlie fingers of a beautiful 
pink colour, and its solution gives an intense ^purple colour with sulphate 
of iron. 

A connexion is established, by means of alloxan, between uric acid 
and urea, ‘^i^'becomes important, because these two bodies, accompanied 
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by a small quantity of alloxan, are always found together in the ^wnA , 
iiloxan appears to be the intermediate stage in the conversion of uric 
acid into urea by oxidation, for if a solution of alloxan be boiled with 
peroxide of lead (PbO,) carbonic acid is evolved, and the alloxan is con¬ 
verted into urea oy oxidation— 

C,H;N,0, + 2PbO, = CH,1T,0 = SCO, + 2PbO. 

AUoxan. Urea. • 

^ When sulphuretted hydrograi is passed through a solution of alloxan, 
the liquid is troubled by the separation of sulphur, and deposits prismatic 
crystals of alloxantim (CaH,N,0,)— 

2C,H,N,0, + H,S = + 3H,0 + S. ' 

Alloxan. AUoxantine. 

If 4 grains of alloxartine and 7 grains of crystallised alloxan be dissolved 
in hot water, and 80 grains of a cold saturated solution of carbonate of 
ammonia added, the carbonic acid is disengaged with eilervescence, and 
the liquid assumes a brilliant purple colour, depositing as it cools splendid 
crystals, which have a red colour by transmitted light, and reflect a play 
of green and gold, like the wing of the sun-beetle. 

This magnifleent substance is known as murexide, and has the formula 

The beautiful colour of murexide has been applied to dyeing and calico- 
printing, being prepared for that purpose from tiie uric acid furnished hy 
guano. 

439. Hippurie acid .—^Another acid peculiar to the urine, and found 
in very minute quantity in human urine, is hippurie acid (CgHjNO,), so 
named because it occurs in far larger quantity in the urine of horses (?7nros, 
a horse) and cows, the cow’s urine yielding more than 1 per cent, of the 
acid. It is generally prepared from cow’s urine by evaporating it to about 
an eighth of its bulk, and adding an excess of hydrocMoric acid. On 
standing, long prismatic needles of hippurie acid are deposited. It is 
remarkable that this acid can be obtained only from the urine of stall-fed 
cows or of horses kept at rest, for if the animals are actively exercised, 
the above treatment educes benzoic acid (CyHgO,) in place of hippurie. 
Again, only the fresh urine yields hippurie acid, for after putrefaction, 
only benzoic acid can be obtained from it. Conversely, if benzoic acid be 
administered to an animal, it makes its appearance as hippurie acid in 
the urine. 

The relation between these two acids becomes evident when hippurie 
acid is boiled for some time with strong hydrochloric acid ; on cooling, 
the solution deposits crystals of benzoic acid, and if the liquid separated 
from these, be evaporated, neutralised with ammonia, and mixed with 
alcohol, crylstals of glycocoll (p, 609) are obtained. 

CgHgNOg -t- 11,0 = C,HA + C,H,NOg. 

Uipjmric acid. Benzole acid. OlycocoU. 

This result has been confirmed synthetically by acting upon the com¬ 
pound resulting from theya-ction of glycocoll on oxide of zinc, with chloride 
of henzoyle (p. 470), when^hippuric acid is reproduced. 

Zn.2CgH,NO, + 2(C,H,0.C1) = ZnCl, 2CgHgNOg. 

Zlnc-glycocoU. Cblomeofbeatoyle. Hippurie acid. 

Hippurie acid, therefore,* may be represented as heimyh-glyeocoUf 
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C|H 4 (CyH 50 ) 2 'r 0 j. A very interesting illustration of the doctrine of 
substitation is connected with these acids. By acting upon hippuric acid 
with nitric and sulphuric acids, it is converted into nitro-hippuric acid by 
the substitution of NO, for one atom of its hydro^n, and this acid be 
boiled with hydrochloric acid, it yields nitrobenzoic acid, just as hippuric 
yields benzoic acid— 

+ H.0 = + C,H.NO.. 

Kltro-hlppuric add. Nltro>benzoic add. OlycocolL 

In contact with bases, hippuric acid forms salts of the generah for¬ 
mula MjCjHgNOj, so that the acid itself should be written as 
HC,H,NO,. 

In addition to the organic substances which have been already men¬ 
tioned as occurring in the urine (urea, uric acid, mucus, hippuric acid, 
kreatinine), it always contains a large proportion of alkaline and earthy 
salts, especially of chloride of sodium, phosphate and sulphate of potash, 
and phosphates of lime, magnesia, and ammonia. 

The average composition of human urine may be tlius stated— 


Water,. 956-80 

Urea,.14-23 

Uric acid,.0*87 

Mucus,.0'16 

Hippuric acid, kreatinine, ammonia, colouring i is-03 
matter, and unknovm organic matters, . ) 

Cliloride of sodium.7-22 

Phosphoric acid,.2*12 

Potash,.1-93 

Sulphuric acid,.1-70 

Lime.0-21 

Magnesia,.0-12 

Sod^.0-05 
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CHEMISTEY OF VEGETATION. 

440. The ultimate elements of plants, that is, the substances with which 
plants must be supplied in one form or other, to sustain their growth, 
are carbon, hydrogen, nitrogen, oxygen, sulphur, phosphorus, chlorine, 
silicon, potassium, sodium, calcium, magnesium, iron, manganese. 

Of these, the carbon, hydrogen, nitrogen, oxygen, sulphur, and phos¬ 
phorus are grouped together to form the various organic compounds 
furnished by plants, the remaining elements being arranged generally in 
the following forms:— 

Chlorides of potassium and sodium. 

Sulphate of Ume, 

Silicates of potash and soda, 

Phosphates of iron (manganese?), lime, magnesia, and ammonia. 
Compounds oT potash, soda, and lime, with vegetable aclds.^ 

Plants are capable of reoemng food either in the form of gas through 
the instnmenthlity of their leaves, or in solui&on by their roots. 

The carbon, which is their most important constituent as re^urds quantity, 
V is taken up in the form of carbonic acid by both these organs of the 
plant. T^p^-honic acid is derived either from the surrounding atmo- 
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sphere, or from the decay of the organic matters contained in the soil 
vrhich surrounds the roots of the plant 

The hydrogen is derived partly from water and partly from the am¬ 
monia which is carried down to the roots of the plant hy rain, or is 
evolved in the putrefaction and decay of the nifrogenised organic matters 
of the soiL The ammonia also forms one great source of the nitrogen in 
plants, another being the nitric or nitrous acid, which is either brought 
down by the rain, or formed within the soil by the nitrification^f the 
ammonia (p. 129). As to the oxygen, it is obtained both from the car- 
* bonic acid and water, which contain this element in larger proportion than 
is ever present in any vegetable product. 

The sulphur and phosphorus contained in the organic parts of the 
plant appear to be chiefly derived from the sulphates and phosphates of 
the soil. 

The chlorine, silicon, and the metals, are derived from the mineral con¬ 
stituents of the soil. 

It is not difficult to imagine the course of formation of a fertile soil 
from a primary lock (of granite, for example) under the influence of the 
atmosphere and rain, exerted through a very long period. 

It will be remembered that granite consists essentially of quartz (silica), 
feldspar (silicate of alumina and potash or soda), and mica (silicates of 
alumina, iron, potash, and magnesia); in addition to these there may 
always be found in granite minute quantities of phosphate of lime, of sul¬ 
phates, of chlorides, and of manganese. 

By the disintegration of such a rock under the action of air and moisture 
(p. 285), a soil will be formed containing the various mineral substances 
required for the food of the plant. If now, upon the thin layer of soil 
thus formed over the face of the rock, some seeds of the lower orders of 
plants, the lichens, for instance, be deposited, they will grow and fructify, 
deriving their carbon, hydrogen, nitrogen, and oxygen from the air and 
rain, and their mineral constituents fi’om the soil. Tlie death of these 
lichens would add new elements of fertility to tlie soil, in the shape of the 
food which they had condensed from the air, and of the saline ingredients 
which had been converted within their organisations into forms better 
suited to sustain the higher oiders of plants. Given, then, the seeds of a 
higher vegetation, a similar process may be supposed to take place, and at 
length animals would be attracted to the spot by the prospect of vegetable 
food, and by transporting to it elements which they had derived from 
other sources, would eventually confer upon it the highest fertility. 
The soil then coming under tillage, the cmps raised upon it are consumed 
by animals and removed to a distance, so that the mineral food contained 
in the soil is by degrees exhausted, and unless it is restored the soil be¬ 
comes barjen. 

To restate its fertility is the object of manuring, which consists in add¬ 
ing to the soil some substance which shall itself serve directly as food for 
the plant, or shall so modify, by chemical action, some material already 
present in the soil, as to convert it into a state in which the plant may 
take advantage of it. 

As examples of substances which are added as direct food for plants, 
may be enumerated:— • 

(1.) The ashes of peat, turf, coal, &c., which famish the mineral sub¬ 
stances originally obtained from the soil by the vegetables from which 
these materials were formed. 
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(2.) Gypsum, or «ulphate of lime,-and sulphate of magnesia, which ap¬ 
pear to he yahiahle not only as sources of sulphur, calcium, and mag- 
n^um, hut because they are capable of decomposing the carbonate of 
ammonia, which is either brought down by rain or evolved by putrefaction 
in the soil, and of converting it into sulphate of ammonia which is re¬ 
tained in the soil, whereas the carbonate, being a volatile salt, would be 
again exhaled into the air and lost to the plants. 

(3.J Phosphate of Hiae, or bone-ash, which is most commonly con¬ 
verted into the soluble superphosphate of lime (p. 224) by treatment with, 
sulphuric acid, before being employed as a manure. 

(4.) Chloride of sodium, or common salt, serves as a source of sodium, 
fur in contact with the carbonate of lime, which is found in all fertile 
soils, it is partly converted into carbonate of soda, which may in turn bo 
converted into silicate of soda, or any other salt of that alkali necessary 
to the growth of the plant. 

(5.) Nitrate of soda (Peruvian nitre) is held to bo of great service in 
some cases, as yielding both soda and nitrogen in a form serviceable to the 
plant. 

(6.) The silicates of potash and soda, which are especially useful to 
crops which, like the cereals, contain a considerable proportion of silica 
in their stems ; since, although that substance is contained in abundance 
in all soils, it is not available for the plant unless converted into a soluble 
state by combination with an alkali. 

(7.) Sulphate of ammonia (derived from the gas-works) is, of course, 
\iseful both for its sulphuric acid and ammonia. 

(8.) Plants, or parts of plants, ploughed into a soil, would obviously 
furnish food for other plants by their gradual putrefaction and decay. 

(9.) Pones, which furnish carbonic acid and ammonia by the putrefac¬ 
tion of their gelatinous matter, as well as a large supply of phosphate of 
lime. ^ 

(10.) Urine, yielding much carbonate of ammonia by the decomposition 
of its urea and uric acid, and an abundance of the phosphates and other 
saline matters required by the plant. 

(11.) Solid excrements of various animals, containing the insoluble 
salts (especially phosphates) of the animal’s food, as w'ell as easily putres- 
cible oiganic matters yielding much ammonia and sulphuretted hydrogen. 

(12.) Guano, the dung of carnivorous sea-birds, which owes its very 
high value partly to the large proportion of urate of ammonia and other 
nitrogenised organic substances which it contains, and partly to the pre¬ 
sence of phosphates and salts of the alkalies. 

(13.). Soot, which appears to act chiefly by virtue of the salts of 
ammonia derived from the destructive distillation of the coal. 

The chief substance employed for acting chemically upon the consti¬ 
tuents of the soil, so as to render them more serviceable to the plant, is lime, 
which modifi^ in a very important manner both the oiganic and mineral 
portions of the soil Its action upon the former consists in promoting its 
decay, and the conversion of its elements into those forms, viz., carbonic 
acid, water, ammonia, and nitric acid, in which they may be of service to 
the plant. Upon the inorganic constituents of the soil lime acts by 
assisting the decomposition of minerals, particularly of those which con- 
tain the alkalies (such as feldspar), and thus converting them into soluble 
** forms. 

In some fertility is restored to an apparently exhausted soil, with- 
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out the addition of muiuie, by allo-wing it to lie fallow for a time, so that, 
under the influence of the air and moisture, such chemical changes may 
take place in it as will again replenish it with food available for the crops. 
It is not even necessary in all cases that the soil should be altogether re¬ 
leased from cultivation; for even though it may refuse to feed any longer 
one particular crop, it may furnish an excellent crop of a diflerent 
description, and, which is more remarkable, it may, after growing two or 
three different crops, be found to have regained its power of nourishing 
the very crop for which it was before exhausted, Experience of this has 
led to the adoption of the system of rotatimi of crops, by which a soil is 
made to yield, for example, a crop of bailey, and then successive crops of 
grass, beans, turnips, and Wrley again. 

The possibility of this rotation is partly accounted for by the difference 
in the .mineral food removed from the soil by different crops; thus turnips 
require much of the alkalies and lime; wheat, much alkali and silica; 
barley, much lime and silica; and clover, much lime, so that the soil 
which had been exhausted for wheat, because it no longer contained 
enough soluble silica, might still yield sufficient alkali and lime to a crop 
of turnips, and when the alkali was exhausted, might furnish enough lime 
to a crop of clover, after which, in consequence of the chemical changes 
allovred by lapse of time in the soil, more of the original minerals com¬ 
posing it might have been decomposed and rondered available for a fresh 
wheat crop. 

Another explanation of the beneiit of systems of rotation may be given 
in those cases in which the debris of the preceding crop are allowed to 
romain on the land. Some plants, extending their roots more deeply into 
the soil, avail themselves of mineral food which is beyond the reach of 
plants furnished with shorter roots, and when the refuse of the former 
plants is ploughed into the laud, the surface is enriched with tlie food 
collected from the sub-soil. 

Our knowleilge of the chemical operations taking place in the plant, 
and resulting in the elaboration of the gi’eat variety of vegetable products, 
is vei-y slight indeed. We appear to liave sufficient evidence that sugar 
and starch, for example, are constructed in the plant from carbonic acid 
and Avater, that gluten results from the mutual action of the same com¬ 
pounds, together with ammonia, or nitric acid, and certain sulphates and 
phosphates, but what the intermediate steps in this conversion may be we 
are not in a position even to hazard a guess. » 

All seeds contain starch, gluten, or some similar niti’ogenised substance 
(leguraine, for example), together wdth mineral matters, these being pro¬ 
vided for the nourishment of the young plant until its organs are suffi¬ 
ciently developed to enable it to procuro its own food fi’om the air or from 
the soil 

During the process of germination, the seed absorbs oxygen and evolves 
carbonic acid, iind since tlie albuminous constituent is the most mutable 
substance present, it is probably this which undergoes oxidation, and 
excites thi convemion the insoluble stai'ch into soluble sugar. At this 
stage the seed requires, as is well known, a fair supply of water, the 
elements of which are required for the conversion of the starch (C^igO,) 
into sugar (CgHuO^; water is also required to dissolve the sugar as well 
SIS the altered albuminous matter and the mineral salts, in order to form the 
sap of the embryo plant. These constituents of the sap, directed by the 
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mysterious vital energy in the seed, build up the root, which extends itself 
in seandi of nourishment down into the soil, and the leaves, which dis¬ 
charge a aimilar function with respect to the air. As soon as the leaves 
are developed, the plant becomes able to decompose carbonic acid, water, 
and ammonia, to provide the organic components of its sap. Some part 
of these changes at least appears to take placei.in the leaves of the plant, 
from which, during the day-time, oxygen (together with a little nitrogen) 
is continually evolved. The leaves have been compared to the lungs of 
animals, the functions of which they reciprocate, for whilst, in the lungs 
of animals, an absorption of oxygen and an evolution of carbonic acid is 
observed, in the leaves of plants, it is the carbonic acid which is absorbed 
and oxygen is disengaged. 

In the dark, plants exhale carbonic acid, but in much smaller quantity 
than they decompose in the light. 

That oxygen must be evolved, if plants construct their carbonaceous 
compounds from carbonic acid and water, is obvious on reflecting that all 
these compounds contain less oxygen, in proportion to their carbon and 
hydrogen, than is contained in carbonic acid and water. 

Thus, we may conceive the formation of all the compounds of carbon 
and hydrogen, or of those elements with oxygen, which are met with in 
plants, by the concurrence, in various proportions, of carbonic acid and 
water, and the separation of the whole or a part of their oxygen. 

To take an example; cellulose (CijHjjOj) would result from the coali¬ 
tion of 6 mols. of carbonic acid and 5 mols. of water, with separation of 
12 atoms of oxygen. Again, malic acid, CillgO,,, would require 4 mols. of 
carbonic acid and 3 mols. of water, whilst 6 atoms of oxygen would be 
set free. 

It is equally easy to represent the formation of nitrogonised compounds 
from carbonic acid, water, and ammonia, with separation of oxygen, for 
the nitrogen in all such compounds is present in so small a number of 
equivalents, relatively to the carbon and hydrogen, that the amount of 
oxygon separated from the carbonic acid and water would always far more 
than suffice to convert the whole of the hydrogen of the ammonia into water, 
even if this hydrogen did not itself take part in the formation of the 
compound. Suppose, for instance, that the formation of quinine is to be 
accoxinted for— 

20COa + 9H,0 + 2 NH 3 = + 0,.. 

^ quinine. 

If sulphur be a constituent of the vegetable compound to be formed, 
it is conceivable that the sulphuric acid derived from the sulphates pre¬ 
sent in the soil should co-operate with the carbonic acid, water, and am¬ 
monia. n 

If the composition of gluten he correctly represented by tne formula 
C'io 8 ®^m 8 Ns 7 ^s 4 ®> equation explaining its formation from the above con¬ 
stituents of the food of the plant would be written— 

108CO, + 44H,0 -f- 271^3 SO, = C,«,Hi«N3;0338 0 + 0^. 

The chemic^ tendency of vegetables, therefore, is to reduce to a lower 
state of oxidation the substances presented in^their food, whilst animals 
^ exhibit a reciprocal tendency to oxidise the materials on which they feed. 

With retpsiBt to the last stage in the existence of the plant, the ripening 
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of the fruit, vre know a little more concerning the chemical changes which 
it involves. 

Most fruits, in their unripe condition, contain cellulose, starch, anc^ 
some one or more vegetable acids, such as malic, citric, tartaric, anc 
tannic, the latter being almost invariably present, and causing the pecu¬ 
liar roughness and astringency of the unripe fruit. The etmractendic 
constituent of unripe fruits, however, is peckm, a compound of carbon, 
hydrogen, and oxygen, the composition of which has not been *exactly 
determined. Foctose is quite insoluble in water, btit during the ripening 
of the fruit it undergoes a change induced by the vegetable acids, and is 
converted into pectine which is capable of dissolving in water, 

and yields a viscous solution. As the matumtion proceeds, the pectine 
itself is transformed into peetie acid (CigllgjOu,), and pectode acid 
(CgjH^Ojj), which are soluble in boiling water, yielding solutions which 
gelatinise bn cooling. It is from the presence of these acids, therefore, 
that many ripe fruits are so easily convertible into jellies. 

Whilst the fruit remains green, its relation to the atmosphere appears 
to be the same as that of the leaves, for it absorbs carbonic acid, and 
evolves oxygen; but when it fairly begins to ripen, oxygen is absorbed 
from the air, and carbonic acid is evolved, whilst the starch and cellulose 
are converted into sugar, under the influence of the vegetable acids (p. 491), 
and the fruit becomes sweet. It has l)oen already seen that the conver¬ 
sion of starch and cellulose (CaHj^Oj) into sugar (CsHj.Pg) would simply 
require the assimilation of the elements of water, so that the absorption of 
oxygen and evolution of carbonic acid are probably necessary for the con¬ 
version of the tannic and other acids into sugar. For example— 

-h 15CO, 

Tannic ^Id. Fiutt-suKar. 

3C,n,0, + 0, » + 3H/) + CCO,. 

Tartaric acid. 

When the sugar has reached the maximum, the ripening is completed; 
and if the fruit be kept longer, the oxidation lakes the form of ordinary 
decay. 

The scheme of natural chemisti’y would not be complete unless provi¬ 
sion were made for the restoration of the constituents of plants, after death, 
to the atmosphere and soil, where they might aflbrd food to new genera¬ 
tions of plants. Accordingly, very shortly after the death of a plant, if 
sufiicient moisture be present, the changeable nitrogenised (albuminous) 
constituents begin to putrefy, and chemical motion being thus excited, is 
communicated to the other parts of the plant, under the form of decay, so 
that the plant is slowly consumed by the atmospheric oxygen, its carbon 
being reconverted into carbonic acid, its hydi-ogen into water,* and its 
nitrogen ftito ammonia, these substances being then transported in the 
atmosphere to living plants which need them, while the mineral consti¬ 
tuents of the dead plant aie washed into the soil by the rain. 

Moist wood is slowly converted by decay into a brown substtmeo, which 
has been^led TmmvSf and forms the chid' part of the organic matter in 
soils. Alkalies dissol^ this substance, and on the addition of an acid 
to the brown solution, atbrown precipitate is obtained, which is said to 
conttdn liumic^ ulmic, and geic acids, but these substances do not crystal¬ 
lise, and their existence as definite acids appears to he somewhat doubt¬ 
ful. Two other acids of a similar kind, erenic and dpocrenic acids 
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a ■well), have heen obtained from the same source, and are also 
found occasionally in mineral ■waters. 

Wheit it is desired to preserve wood from decay, it is impregnated 'with 
some substance which shall form an unchangeable compound 'with the 
albuminous constituents of the sap. Kreasote (p. 456) and corrosive 
sublimate Qcyanising) are occasionally used for this purpose, the wood 
1 being made to imbibe a diluted solution of the preservative, either by 
'being soaked in it or under pressure. 

In Bouc h er ie’s pro cess for preservmg wood, the natural ascending force 
of the sapTSlngeniou8ly~tUlBied to account in drawing up the preservative 
solution. A large indsio^ l^iug made around the lower part of the trunk 
of the growing tree, aTIrou^ of clay is built up around it, and filled with a 
weak solution of sulphate o f co ppe r, acetete of iron, or chloride of calcium. 
Even after the tree has bera felled, it may be made to imbibe the pre¬ 
serving solution whilst in a horizontal position, by enclosing the base of 
the trmik in an impermeable bag supplied wdth the liquid from a reservoir. 
The impregnation of the wood with such solutions not only prevents 
chemical decay, but renders it less liable to the attacks of insects and the 
growth of fungi. 


KUTlllTJON OF AISIMALS. 

44l. Between the chemistry of vegetable and that of animal life there 
is this fundamental distinction, that the former is eminently constructive, 
and the latter destructive. The plant supplied with compounds of the 
simplest kind—carbonic acid, water, and ammonia—constructs such com¬ 
plex substances as albumen and sugar; wlulst the animal, incapable of 
deriving sustenance from the simpler compounds, being fed with those of 
a more complex character, converts them eventually, for the most part, 
into the very materials with which the constructive work of the plant 
commenced. It is indeed true, that some of the substances deposit^ in 
the animaL, frame, such as fibrine and gelatinous matter, rival in com¬ 
plexity many of the products of vegetable life; but for the elaboration 
of these substances, the animal must receive food somewhat approach¬ 
ing them in chemical composition. It is to this nearer resemblance 
between the food of animals and the proximate constituents of their 
frames, that we may partly ascribe the greater extent of our knowledge 
on the subject of the nutrition of animals, which is, however, far from 
being complete. 

The ultimate elements contained in the animal body are the same as 
those of the vegetable, but the proximate constituents are far more 
numerous and varied. 

The bones containing the phosphates and carbonates of lim^i and mag¬ 
nesia, together with gelatinous matter, require that the animal should be 
supplied with food which, like bread, contains abundance of phosphates, 
as well as the nitrogenised matter (gluten) from which the gelatinous 
substance may be formed. In milk, the food of the young animal , we 
have also the necessary phosphates, whilst the ca^eine affords &e supply 
of nitrogenous mattera 

Muscular flesh finds, in the gluten of bread dud the caseine of milk, the 
'^trogenised constituent from which its fibrine might be formed with even 
tran8fM|n^ion than is required for the gelatinous matter of bone, 
since the oojn^itlon of fibrine, gluten, and caseine is very similar. 
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The albumen and fibrine of the blood have also their counterparts in 
the gluten and caseine of bread and milk, urhilst all the salts of the blood 
may be found in either of these articles of food. « 

Bread and milk, therefore, may be taken as excellent representatives of 
the food necessary for animals, and the same constituents are received in 
their flesh diet by animals which are purely carnivorous, but in a higher 
stage of preparation. ^ 

It is natural to suppose that those parts of the iinme which contain no 
nitrogen should be supplied by those constituents of the food which are 
free from that element, such as the starch in bread and the sugar and &t 
in milk. 

Before the food can be turned to account for the sustenance of the body, 
it must undergo digedion, that is, must be either dissolved or otherwise 
reduced to such a form that it can be absorbed by the blood, which it 
accompanies into the lungs to undergo the process of r&spirationf and thus 
to become fitted to serve for the mUritiou of the various organs of the 
body, since those have to be continually repaired at the expense of the 
constituents of the blood. 

The first stop towards the digestion of the food is its disintegration, 
eflected by the teeth with the aid of the mlina, by which it should be 
reduced to a pulpy mass. The saliva is an alkaline fluid characterised by 
the presence of a peculiar albuminous substance called ptyaline {irnta, to 
sjdt), which easily putrefies. The action of saliva in mastication is 
doubtless in great part a mechanical one, but it is possible that its 
alkalinity assists the process chemically, by partly emulsifying the fatty 
portions of the food. The liability of ptyaline to putrefiiction favours the 
supposition that it may act in some way as a ferment in promoting the 
digestion. 

This disintegration of the food is of course materially assisted by the 
cooking to which it has been previously subjected, the hard and fibrous 
portions having been thereby softened. 

The food now passes to the stomach, in which it remains for some time, 
at the temperature of the body (98° F.), in contact with the gadric juice, 
the chief chemical agent in the digestive process. 

The gastric juice, which is secreted by the lining membrane of the 
stomach, is an acid liquid, containing hydrochloric and lactic acids. It is 
characterised by the presence of a peculiar substance belonging to the 
albuminous class of bodies, which is cdAcd pepsine (ttctto), to digest), and 
possesses the remarkable power of enabling dilute acids, by its mere 
presence, to dissolve such substances as fibrine and coagulated albumen, 
which would resist the action of the acid alone for a great length of time. 

An imitation of the gastric juice may be made by digesting the mucous 
membranoof the stomach for some hours in warm very dilute hydrochloric 
acid. The acid liquid thus obtained is capable of dissolving meat, curd, 
&c., if it be maintained at the temperature of the body. The pepsine 
prepared from the stomach of the pig and other animus is sometimes 
administered medicinally in order to assist digestion. 

The principal change which the food suffers by the action of the gastric 
juice is the conversion %f the fibrinous and albuminous constituents into 
soluble forms; the starchls dso partly converted into dextrine and sugar, 
but the fatty constituents are unchanged. 

The food which has thus been partially digested in the stomach is called 
by physiologists chyme, and passes thence into the commencement of the 
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intestimeB (the dmdeuum), where it is subjected to the action of two more 
ohemical agents, the bUe and pancreatic juice. 

Bile consists essentially of a solution of two salts known as glycocholate 
and tauTocholate of soda. Both glycocholic and taurochoUc acids are 
lesinous, and do not neutralise the alkali, so that the bile has a strong 
alkaline character. Another characteristic feature of this secretion is the 
large proportion of carbon which it contains. Olycocholic acid has the 
composition HC^^NOa, and contains therefore 67 per cent, of carbon, 
whilst taurocJmUc add, HCjgH^NO^S, contains 61 per cent. The names 
of tlfese acids have reference to the circumstance tlmt they furnish respec¬ 
tively glycocoU and taurine, together with two new acids free from nitro¬ 
gen, when they are boiled with dilute hydrochloric acid— 

+ H,0 = CJJrP, + 2CANO«. 

GlycocboUc acid. GlycocoU. 

HC«H„NO,S + H,0 

Tanrocholie acid. Taurine. Cholic acid. 

Taurine forms colourless crystals of great beauty, and is remarkable for 
the largo proportion (above 25 per cent.) of sulphur which it confaiins. 
It also presents an interesting example of a complex animal derivative, 
which may be artificially prepared in a very simple manner. 

When olefiant gas is passed over anhydrous sulphuric acid, it is absorbed, 
and if the product be dissolved in water, neutralised with ammonia and 
evaporated, crystals of isethionate of ammonia arc obtained— 

4 - SO* + NH* + H*0 =: NH*.H.,O.C*H,SO*. 

Isethionate of ammonia. 

When this salt is moderately heated, it loses a molecule of water, and 
leaves taurine— 

NH.H.,O.C*H*SO* - H,0 = 

Isethionate of ammonia. Taurine. 

Another characteristic ingredient of the bile is cholest&rine * 
a crystalline substance somewhat resembling the fats, and often deposited 
in large quantity in the fonn of biliary calculi. It has also been found 
in pease, wheat, and some vegetable oils. 

The peculiar colouring matter of the bile has never been obtained in a 
pure state. 

A peculiar substance called glycogen, or animal starch has 

been found in the liver, and becomes speedily converted into sugar after 
death, by assimilating the elements of water. 

The special function of the bUe in the digestion of the fooa has not 
.been explained, but from its strongly alkaline -reaction it does not appear 
improbable that it assists in the digestion of fatty substancea 

The pancreatic juice is another alkaline secretion, which differs finm 
the bile in containing a considerable quantity of albumen, and is very 
putrescible. Its particular office in digestion appears to consist in promot¬ 
ing the conversion of the starchy portions of ths food into sugar (p. 491), 
lijioqgh it also has a powerful action upon the fats, causing them to form 
an' intimate^ mixture, or emulsion, with water, and partiy saponifying 
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them. The digestion of the staxch and sugar is completed by the action 
of the iiUeatinal fluid in the further passage of the food through the 
intestines, so that when it arrives in the smadl intestines, all the soluble 
matt^ have become converted into a thin milky liquid called chyle, 
which has next to be separated mechanically &om the insoluble portions, 
such as woody fibre, &c., which are excreted from the body. 

This separation is effected in the small intestines by means of ^o dis¬ 
tinct sets of vessels, one of which (the mesenteric veins) absorbs the dis¬ 
solved starchy portions of the food, and conveys them to the liver, whence 
they are afterwards transferred to the right auricle of the heart. ' The 
other set of vessels {Jacteals) absorbs the digested fatty matters, and 
conveys them, through the thoracic duct, into the subclavian vein, and 
thence at once into the right auricle of the heart. 

From the right auricle this imperfect blood passes into the right 
ventricle of the heart, and is there mixed with the blood returned from 
the body by the veins, after having fulfilled its various functions in the 
system. The mixture, which has the usual dark-brown colour of venous 
blood, is next forced by the contraction of the heart, into the lungs, 
where it is distributed through an immense number of extremely toe 
vessels traversing the lungs, in contact with the minute tubes containing 
the inspired air, so that the venous blood is only separated from the 
air by very thin and moist membranes. Through these membranes 
the dark venous bloo<l gives up the carbonic acid with which it had 
become charged by the oxidation of the carbon of the organs, in its 
passage through the body, and acquires, in return, about an equal 
volume of oxygen, which converts it into the bright crimson arterial 
blood. In this state it returns to the left side of the heart, whence 
it is conveyed, by the arteries, to the different organs of the body. 

The chemistry of the changes effected and suffered by the blood in 
its circulation through the body is very impei'fectfy understood. One 
of its great offices is the supply of the oxygen necessary to oxidise 
the component|,j/)f the various organs, and thus to evolve the heat 
which maintains the body at its high temperature. The results of the 
oxidation of these organs are undoubtedly very numerous; among them 
we may trace carbonic (COg), sulphuric (SO^), phosphoric (PjOj), lactic 
(C^H^Oj), butyric (C 4 H O^, and uric (C 4 H 4 N 4 O 3 ) acids, as well as urea 
(CH 4 N 3 O), and some other substances. Tlie destroyed tissues must at the 
same time be replaced by the deposition, from the blood, of fresh particles 
similar to those which have been oxidised. In the course of the blood 
through the circulation, the above products of oxidlition have to be 
removed from it—the carbonic acid by the lungs and skin—^the sulphuric, 
phosphoric, and uric acids, and the urea, by the kidneys. 

The various liquid secretions of the body, such as the bUe, the saliva, 
the gastric juice, &c., have also to be elaborated from the blood during its 
circtdation through the arteries, after which it returns, by the veins, to 
the heart, to have its composition restored by the matters derived from 
the food, and to be reconverted into arterial blood in the lungs. 

Wlien il is remembergd that the body is exposed to very considerable 
variations of external heat and cold, a question occurs as to the provision 
made for maip taining it’at its uniform temperature. This is effected 
through the agency of the frt which is deposited in all the organs of the 
body. Since fatty substances in general are particularly rich in carbon 
and hydrogen, their oxidation within the body would be attended with 



624 


QHBMISTIty OF FOOD. 


the production of more heat than that of those parts of the oi^ans which 
ootttein much nitrogen and oxygen. Accordingly, when the body is 
exposed to a low temperature, a huger quantity of its fat is consumed hy 
the oxidising action of the blood, and a corresponding increase tekes 
place in the amount of heat evolved, thus compensating for the g^ter 
loss of heat suffered by the body in the cooler atmosphere. Of course, 
in col(^weather, when more oxygen is required to maintain the heat of 
the frame, a larger quantity of that gas is inhaled at each breath, on 
account of the higher specific gravity of the air, in addition to which we 
have the quickened respiration which always attends exposure to cold. 

To supply this extra demand for carbon and hydrogen in cold weather, 
we instinctively have recourse to such substances as fat, starch, sugar, 
&c., which contain those elements in large proportion, and these aliments, 
free from nitrogen, are often spoken of as the respiratory e<mtitimds of 
food \ whilst flesh, gluten, albumen, &c., which contain nitrogen, are styled 
thejpZasiie elements of nutrition (vkaorow, to form). 

Bearing in mind that the food has a twofold ofiice—^to nourish the 
frame and to maintain the animal heat—it will be evident that a judiciously 
regulated diet will contain due proportions of those nitrogenous consti¬ 
tuents, such as albumen, fibrine, and caseine, which serve to supply the 
waste of the organs, and of such non-nitrogenised bodies as starch and 
sugar, from which fat may be elaborated to sustain the bodily warmth. 

The proportion which these two parts of the food should bear to each 
other w^l, of course, depend upon the particular condition of existence 
in the animal Thus, for a growing animal, a larger proportion of the 
nitrogenised or plastic portion of food would be required than for an 
animal whose growth had ceased; and animals exposed to a low tempera¬ 
ture would require more of the non-nitrogenised or heat-giving portions of 
the food. 

Accordingly, we find that a man can live upon a diet which contains 
(as in the case of wheaten br^) five parts of non-nitrogenised (starch 
and sugar) to one part of nitrogenised food (gluten); whilst an infant, 
whose increasing organs require more nitrogenised material, thrives upon 
milk, in which this amounts to one part (caseine) for every four parts of 
the non-nitrogenised portion (milk-sugar and fat). 

The inhabitants of cold climates consume, as is well known, much 
more oil and fat than those of the temperate and hot regions. 

An examination of the composition of different articles of food affords 
us an explanation of the custom which experience has warranted, of asso¬ 
ciating particularwrarieties of food. Thus, assuming as our standard of 
comparison the composition of bread, which contains one of nutritive to 
five of heat-giving matter, the propriety of associating the following kinds 
of food will be appreciated;— 


Beef . 

Kutrttlye. 

. 1 

Heat-giving. 

1-7 

Potatoes, . 

1 

10 

Ham, . 

1 

S 

Veal, . 

. .1 

1. O'l 

Mutton, 

. 1 

-t 2-7 

Bice, . 

. . 1 

12*8 


AU musomalr . ^ mental exertion is attended with a corresponding 
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oxidation of the tissues of the frame, just as each movement of a steam>> 
engine may be traced to the combustion of a proportionate quantity of 
coal under the boiler ; and hence such exertion TOth creates a demand 
for food, and quickens the respiration to obtain an increased supply of 
oxygen. 

l^perimeut has proved that the proportion which the oxygen consumed 
in respiration bears to the carbonic acid exhaled, depends veiy much upon 
the nature of the food. Thus an animal fed upon vegetable matters, such 
•as starch and sugar (the oxygen in which exactly suffice to convert the 
hydrogen into water), will turn nearly all the inspired oxygen to account 
in the formation of carbonic acid, the volume of which will be nearly 
equal to that of the oxygen which disappears at each inspiration; but when 
flesh, or particularly Iht, is consumed, much more of the inspired oxygen 
is required to convert the hydrogen of the food into water, so that the 
volume of the carbonic acid is far less than that of the oxygen consumed 
in respiration. When an animal has been kept for a length of time 
without food, the proportion between the volume of the carbonic acid 
and that of the oxygen consumed, is the same as if the animal w'ere being 
fed upon a flesh diet, inasmuch as ife own flesh alone is now supporting 
its respiration. 


CHANGES IN THE ANIMAL BODY AFTER DEATH. 

442. After the death of animals, just as after that of plants, their com¬ 
ponent parts are reduced to the primary forms from which they were 
derived, so that they may begin again at the foot of the ascending scale 
of life. Very soon after life is extinct, the atmospheric oxygon begins 
to induce a change in some of the nitrogenous constituents, and this 
change is soon communicated to all parts of the body, which undergo 
a putrefaction or metamorjihosis, of which the ultimate results are the 
conversion of the carbon into carbonic acid, the h 3 'drogen into water, 
the nitrogen into ammonia, nitrous and nitric acids, and the sulphur 
into sulphuretted hydrogen and sulphuric acid. The mineral constituents 
of the animal frame then mingle Avith the surrounding soil, and are 
ready to take part in the nourishment of plants, which construct the 
organic components of their frames from the carbonic acid and ammonia 
furnished by the putrefaction of the animal, and then serve in their turn 
as sustenance for animals whose respiration supplies the air with carbonic 
acid, and takes in exchange the oxygen eliminated by the plant. 

The functions of the two divisions of animate nature are, therefore, 
perfectly reciprocal, and this relationship must be regarded as the found^ 
tion of economical agriculture. 

If it were possible to prevent the change of the atmosphere, it is quite 
conceivable that a perpetual succession of plants and animals could be 
raised upon^ given fann without any importation of food, provided that 
there was also no exportation. Or even, permitting an exportation of 
food, the succession of plaj^ts and animMs raised upon the same land 
might be, at least, a very long one, if the solid and liquid excrements of 
the animals, to feed whom this exportation took place, were restored to the 
land upon which this food was raised. The explanation of tiiis is, that 
the solid and liquid excrements of the animal coStain a very large propor* 



m 


HATUEB OF PUTBEFAOTION. 


tion of tb« mineral constituents of tte smI, in the very state in which 
they are best fitted for assimilation by the crop, and as long as the soil 
contains the requisite supply of mineral food, the plant can derive its 
organic constituents from the atmosphere itself. 

Forasmuch, however, as the vegetable and animal food produced upon 
a farm is generally exported to feed the dwellers in towns, whose excre- 
mentsr cannot, without excessive outlay, be returned to the soil whence 
the food was derived, it becomes necessaiy for the agriculturist to pur¬ 
chase farm-yard manure, guano, &c., in order to prevent the exhaustion of* 
his soil. A great manufacturing country, in which the majority of the 
inhabitants are congregated in very large numbers around a few centres 
of industry, at a distance from the land under tillage, is thus of necessity 
dependent for a considerable proportion of its food upon more thinly 
populated countries where manufrctures do not flourish, to which it ex¬ 
ports in return the produce of the labour which it feeds. 

The parts of the frames of animals difler very considerably in their 
tendency to putrefaction. The blood and muscular flesh undergo this 
change most readily, as being the most complex parts of the body, whilst 
the fet remains unchanged for a mu^ longer period, and the bones and 
hair will also resist putrefaction for a great length of time. 

The comparative stability of the fat is observed in the bodies of animals 
which have been buried for some time in a very wet situation, when they 
are often found converted almost entirely into a mass of adipocere, con¬ 
sisting of the stearic and margaric acids derived from the fat. 

When an animal body is thoroughly dried, it may be preserved un¬ 
changed for any length of time, and this is the simplest of the methods 
adopted for the preservation of animal food, becoming far more efficacious 
when combined with the use of some antiseptic substance such as salt, 
sugar, spice, or kreasote. 

The preservative effects of salt and sugar are sometimes ascribed to the 
attraction exeited by them upon moisture, which they withdraw from the 
flesh, whilst spices owe their antiseptic power to the essential oils, which 
appear to have a specific action in arresting fermentative change, a cha¬ 
racter which also belongs to kreasote, carbolic acid, and probably to other 
substances which occur in the smoke of wood, well known for its efficacy 
in curing animal matter. 

A process commonly adopted for the preservation of animal and vege¬ 
table food consists in heating them with a little water in tin canisters, 
which are scaled air-tight as soon as the steam has expelled all the air, 
and if the organic matter be perfectly fresh, this mode of preserving it is 
found very successful, though, if putrefaction has once commenced, to ever 
so slight an extent, it will continue even in the sealed canister, quite in¬ 
dependently of the air. I 

Modem experiments have disclosed a great imperfection in our acquaint¬ 
ance with the conditions under which putrefaction takes place, and appear 
to indicate the presence in the atmosphere of some minute solid particles 
which appear to be minute ova or germs, and have the powe 5 ,of inducing 
the commencement of this change. It has keen found that milk, for 
example^ may be kept for a very considerable period without putrefying, 

, if it ^ Miled in a ^k, the neck of which is afterwards loosdy stoppra 
with cotton wool, wlulst, if the plug of cotton wool be omitted, the other 
edndiricias Being precisely the same, putrefaction will take place very 
speedily. ^ . 
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Perfectly firesh animal matters have also been preserved for a length of 
time in that state, in vessels coutaiiung air which has been passed through 
red-hot tubes with the view of destroying any living germs which might 
be present, and such substances have been found to putrefy as soon as the 
unpurihed air was allowed access to them. 

The extremes of the scale of animated existence would appem: to meet 
here. The highest forms of or^nised matter, immediately after ^oath, 
‘ serve to nourish some of the lowest orders of living germs, these helping 
•to resolve the complex matter into the simpler forms of carbonic acid, 
ammonia, &c., which are returned to the atmosphere, the great receptacle 
for the four chief elements of living matter. 
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75 
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16 
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23 
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32 
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60 
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• 
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i Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5* Animal Substances. 6. Dye- 
i ingand Calico Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 

I “ Full and exact in its information on ** Mr. Crookes deserves praise, not only 

I almost every ~En^neer. for the excellence of his translation, but 

, “ This book will permanently take its also for the original matter he has added.” 

I place among our manuals,”— Nature. —American Jounuxl of Science and Arts, 


J. Forbes Royle and F. W. Headland 

1 A MANUAL OF MATERIA MEDICA. By J. Forbes 
Royle, M.D., F.R.S., and F. W. Headland, M.D., F.L.S. Fifth Edition, 
with Engravings on Wood.Fcap 8vo, 12s. 6d. 

*,* This edition has been remodelled throughout on the basis of the present edition of 
the Brit&h Pharmacopceia. The medicines of the British Pharmacopoeia will be found 
arranged in natural order, the preparations described at length, and the formula: 
explained. Other medicines and preparations, mentioned only in the London Pharma- 
j.. copoeia of 1851, are .separately described atui included in brackets. All remedies of 
value, whether officinal or not, arc noticed in their place lu this Manual. 

"This Manual is, to our minds, unrivalled | and com^eteness of information.”— British 
in any language for condensation, accuracy, | Medical ^urnal. 

Adolphe Wakltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA¬ 

PEUTICS. By Adolphe Wahltuch, M.D. . . . 8vo, 15s. 

• *** The purpose of this work is to give a tabular arrangement of all dn^ specified in 
jthe^BrilAMZh^macopoeia of 1867. Every table is divided into six parts:—(i) The 
Name and Synonynts; (2) Character and Properties or Composition ; {3) Physiological 
I Rjfects and TherapeufSs; (4) Fbrm and Doses; (5) Preparahons; (6) Prescri^ns. 

' Other matter eluddatoiy of the Pharmacopceia b added to the work. * 

" A very handy book,”— 
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Peter Squire 

COMPANION TO THE BRITISH PHARMACOPCEIA. 
With Practical Hints on P^jpscribing; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of £ur^. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales; late President of the Pharmaceutical Society. 
Ninth Edition.8vo, los. 6d. 

By the same Author 

PHARMACOPCEIAS OF LONDON HOSPITALS. Second 

Edition.Fcap 8vo, 5s. 

*** Mr. Sqoire has collected all the Formulae used in seventeen of the principal 
Hospitals of Londota, aud arranged them in groups of mixtures, gargles, &c., &;c. These 
Formulae were revised and approved by the medical staff of each of the Hospitals, and 
may therefore be taken as an excellent guide to the medical practitioner, both as to dose 
and best menstruum in prescribing. 


*' J. B, Smith 

PHARMACEUTICAL GUIDE. By John Barker Smith. 

Second Edition.Crown 8vo. 

[In the Press. 

FIRST AND SECOND EXAMINATIONS 

Latin Grammar—Fractions — Metric System — Materia Medica — Botany 
—Pharmacy—Chemistry—Prescriptions. 


yohn Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Exmination at the Pharmaoeutical Society. By jliHN 
Steggall, M.D. Third Edition.i8mo, 3s. 6d. 


contents 


Notes on the British Pharmacopoeia, the Thermometers. * 

Substances arranged alphabetkallv. Specific Gravity. < 

Table of Ihepaxations, contahring Opium, Weights and Measures. 

■ AntimofWy^Msroury, and Arsemc. Questions on Pharmaceutical Chemistry 


Cfasrtictrion of Plants. 


and Materia Medica. 
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7. Birkbeck Nevins 

THE PRESCRIBER’S ANALYSIS OF THE BRITISH 
PHARMACOP(EIA. By J. Birkbbck.Nevins, M.D. Lond., Lecturer on 
Materia Medica in the Liverpool Royal Infirmary Medical School Third 
Edition, Revised and Enlarged . . . . ' Bpyal 32mo, 3s. 6d. 

Jonathan Pereira 

SELECTA E PRiESCRIPTIS: Containing Lists of the Terms, 

Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex¬ 
planatory Notes; the Grammatical Construction of Prescriptions; Rules 
for the Pronunciation of Pharmaceutical Terms; a Prosodiacal Vocabulary 
of the Names of Drugs, &c.; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con¬ 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans¬ 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 

Henry Beasley 

THE POCKET FORMULARY AND SYNOPSIS 
OF THE BRITISH AND FOREIGN PHARMACOPOSIAS; Compris¬ 
ing Standard and approved Formula: for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[iSmo, 6s. 

By the same Author 

THE DRUGGIST’S GENERAL RECEIPT-BOOK: 

Comprising a Copious Veterinary Formulary and Table of Veterinary 
M ateria Medica; Patent and Proprietary Medicines, Druggists’Nostrums, 
&c.; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics j 
Beverages, Dietetic Articles and Condiments; Trade Chemicals, Mis¬ 
cellaneous Preparations and Compounds used in the Arts, &c.; with useful 
^emoranda and Tables. Seventh Edition .... i8mo, 6s. 

Also 

THE BOOK OF PRESCRIPTIONS: Containing 3,000 Pre- 

• scriplltha caused from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. Fourth Edition . . . i8mo, 6s. 

*' Mr. Beasley’s ‘ Pocket Formulary,’ reference admirably suited for the dispmis- 

‘ Druggist’s Receipt-Book,’ and ‘ Book of ing dcsk.”—CAmist and Dru^t. 

Prescriptions’ form a compact library of 
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F. H. Lescher i 

AN INTRODUCTION to the ELEMENTS of PHARMACY. i 

hy P. Harwood Lescher. Fourth Edition . 8vo, 7s. 6d. i 

Sec. I. Materia Medica : Characteristics of Drugs j Geographical Sources; Detec¬ 
tion of Spurious Specimois. ■ 

II. Botany « Sketch of Organs, with their Functions : Groupings of the 
Characteristics 5 Natural Orders. 

III. Chemistry Outline of Physics ; Simple Primary Analysis; Detection of 
Adulterations j Poisons—Tests and Antidotes; Organic and Inorganic 
Chemicals. ® 

• Pharmacy ; Pbarniacupcnia ; Preparations ; Active Ingredients. 

V. I RESCRtPTiONS; The Latin Langu^e; Examples, with Errors and Unusual 

Doses; Tables of Doses. j 

VI. Practical Disvensing ; Groupings of Strengths of Solutions; Emulsions; 
Pills, &c.; Changes in Mixtures. 

B, S. Procior ‘ 

LECTURES ON PRACTICAL PHARMACY. I 

By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi¬ 
cine, Newcastle-on«Tyne. With 43 Wood Engravings 8vo, 12s. 

, The object of the writer is to assist earnest Students by indicating the direction 
and manner in which the study of Pharmaceutical subjects should be pursued ; attention 
bang principally directed to such points as are not included in the usual Manuals of 
Chemistry and Materia Medica. The object is divided into— 

Abstract Ih-ocesses: Drying, Grinding, Solution, DiiTusion, Filtration, etc. 

Official Processes. 

Extempore Processes: Dispenang Mixtures, Pills, Plasters, Ointments, etc. Read¬ 
ing difficult Autographs, illustrated with lithographic fac-similes. 

Official Testing. Notes on the Qualitative and Quantitative Systems of the Pharma- I 

copoeia, 1 

Pharmacy of Special Drugs, being Studies of Cinchona, Opium, Aloes, and Iron. 

William Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 
Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and AnimaL To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition.... Sheet, 2s.; Roller, 5s. 

G. C. Wittstein 

PRACTICAL PHARMACEUTICAL CHEMISTRY: An 

Ei^lanation of Chemical and Pharmaceutical Processes; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
Hients. By Dr. G. C. WiTTSTEiN. Translated from the Secpij^. German 
Edition 1^ Stephen Darbv . . . , . . i8mo, 6s.‘ 

“ It be impossible too strongly to recommend this work* to the beginner, for the 
, ocsnpleteiiieRl of its ei^diUiadons, by following which he will become well grounded 
praedcal diemistoy.'’— the Introduction Dr. Btuhner. 
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THE PRESCRIBER’S PHARMACOPCEIA; The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan tuck, 3s. 6d* 


THE PHARMACEUTICAL JOURNAL AND TRANSAC¬ 

TIONS. Published weekly.Price-4d. 

THE YEAR-BOOK OF PHARMACY: Containing the 

Proceedings at the Yearly Meeting of the British Pharmaceutical Con¬ 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of. all Pharmaceutical Papers, new Processes, Preparations, and Formulae 
published throughout the world. Published amnually . . 8vo, 7s. 6d. 

K. V. Tuson 

A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 
MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac-, 
titioners and Students of Veterinary Medicine. By RICHARD V. TusON, 
F.C.S., Professor of Chemistry and Materia Medica at the Royad 
Veterinary College. Second Edition ..../« i/ic press. 

“ Not only practitioners and students of want in veterinary literature.”— 
veterinary medicine, but chemists and and Druggist. 
druggists will iuid that Uiis book supplies a 

^ Robert Bentley 

A MANUAL OF BOTANY: Including the Structure, Func¬ 
tions, Classifications, Properties, and uses of Plants. By Robert 
, ^gNTLEY, F.LS., Professor of Botany, King’s College, and to the Pharma- 
I • c^cal Ssekty. Third Edition, with 1,127 Wood Engravings. 

• [Crown 8vo. Just ready. 

' “As the standard manual of botany its position is unttisputed.”— and 
j Druggist. 
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IV. B. Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 
W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 Wood 
Engravings.Crown 8vo. ^ust ready. 

t 

%* The author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
■ working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. 


y. H, Martin 

A MANUAL OF l^ICROSCOPIC MOUNTING; with Notes 
on the Collection and Examination of Objects. By John H. Martin, 
author of “ Microscopic Objects.” With upwards of 100 Engravings. 

[8vo, 7s. 6d. 

The aim of this work is to supply the student with a concise manual of the prin¬ 
ciples of microscopic mounting, and to assist his progress in the manual dexterity, as far 
as illustrations and words render it possible, necessary in their application. 


THE QUARTERLY JOURNAL OF MICROSCOPICAL 
SCIENCE. (Established in 1852.) Edited by Dr. J. F. Payne, Demon- ; 
strator of Morbid Anatomy, and Assist.-Physician at St. Thomas’s Hospital; I 
Mr. E. Ray Lankester, Fellow of Exeter College, Oxford ; and W. T. I 
Thiselton Dyer, Professor of Botany to the Royal Horticultural Society. 

[Annual Subscription, i6s.; Single Numbers, 4s. 

** The Memoirs are, when needful, illustrated by Lithographic Plates, many of which 
are Coloured. The Journal contains, in addition. Notes and Memoranda, Reviews of 
Books, Quarterly Chronicle, and Proceedings of Societies. 


i 

1 

» 

J. Fayrer 

THE THANATOPHIDIA OF INDIA; being a Description 
of the Venomous Snakes, of the Indian Peninsula. With^an Aed!lmt''of. 
the Influence of their Poison on Life, and a Series ^f'kxperiments. By 
J. F^pfRER, M.D., C.S.I., Honorary Physician to the Queen; late President 
of the AsiaUc Sodety of Bengal Second Edition, with 31 Plates (28 
Cc^mred). . . ..Folio, 7/. 7s. 
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* A. Chmviau and G. Fletnif^ 

CHAUVEAU’S COMPARATIVE ANATOMY OF THE 
DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Sui^eon, 
Royal Engineers ; Author of “ Travels on Horseback in Mantchu Tartary,” 


“ Horse-shoes .and Horse-shoeing,” 
Engraidngs on Wood 

“ The want of a text-book on the Com¬ 
parative Anatomy of the Domesticated 
Animals has long been felt. The pr^nt 
work is the fruit of a desire to fill a void in 
medical literature which has always existed, 
so far as the English language is concerned. 
The care and attention with which hippo- 
tomyhas been cultivated on the Continent 
are illustrated by every page in M. Chau- 
veau’s work. . . . If we compare the 

description, say of the arteries of the head 
and neck of the horse, as given in Chau- 
veau’s work, with the elaborate description 
given in Quain or Ellis of the same arteries 
in man, we shall find that in minuteness of ' 
detail the anthropotomlst has been very 
closely rivalled by the hippotomist. . . 

In taking leave of tliis book we may con¬ 
gratulate Mr. Fleming on the comiuetion 
of so great and useful an undertaking, lie 
has translated his author into excellent 
scientific English, and his contributions 
(which in the text are placed between 
brackets) are proof of the large amount of 
study and research he has given to m.ake 


“Animal Plagues,” etc. With 450 j 

. . . 8vo, IIS. 6d 

the book as complete as possible. He has 
not only produced a most valuable—and, < 

in fact, the only—anatomical text-book for 
the veterinary student, but he has given us | 
a work to be prixed by every scientific 
man who wishes to become acquainted with 
the anatomy of the higher vertebrate.”— 
Medical Times and Gazette, May 10, 1873, 
“'I'hLs is a valuable work, well con¬ 
ceived and well executed by the authors, 
MM. Chauveau and Arloing, and well 
translated by Mr. Fleming, Altogether 
the work reminds us very much of Quam 
and Sharpey’s, where the histological part 
in the latter intercalated with the syste¬ 
matic ; and this is giving it no slight praise. 

We have compared M. Chauveau’s descrip¬ 
tion of the bones and other organs, where 
practicable, with those of Owen, Huxley, 
Flower, and other English writers, and find 
that they are in general very accurate and 
g(K)d. . . . The illustrations are very 
numerous, and Mr. Fleming has introduced 
a large number that are not contained in 
the originahvork.”—May 31,1873. 


y. Rcay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others. By J. Reav Greene, M.D., Professor of Natural 
History in the Queen’s University in Ireland. Three large sheets, 7s. 6d. 
the set; or, mounted on canvas, with roller and varnished , . i8s. 

*,* The.se Tables have been carefully prepared in accordance with the present state of 
science, and with a view to remove the difficulties which arise from the various opinions 


he^ by diffiereut zoologists. 


I 


T. H. Huxley 

A 1\44NUAL OF THE ANATOMY OF VERTEBRATED 
ANIMALS.* By Prof, Huxley, LLD., F,R.S. With numerous Engrav¬ 
ings. . .*.[Fcap. 8vc^ I2S. 

By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS, 

With Engravings 
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IV. M. Ord 

NOTES ON COMPARATIVE ANATOMt: a Syllabus of 
a Course of Lectures delivered at St. Thomas’s Hospital. By William 
Miller Oru^M.B. Load., M.R.C.P., Assistant-Fhysicmn to the Hospital, 
and Lecturer in its Medical School.Crown 8vo, 5s. 

« Compact, lucid, and well arranged. "We have gone through it cardully, and 
These Notes will, if well used, be valuable we are thoroughly satisfiM with the manner 
to learners, perhaps still more, so to in which the author has dischaigedhistask.’' 
teachers.”— Nahtre, — Top, Science Review, 


Jokn Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., B.A. Lond. With 
numerous Engravings.Fcap. 8vo, 5s. 6d. 

VESTIGES of the NATURAL HISTORY OF CREATION. 

With 100 Engravings on Wood. Eleventh Edition . Post 8vo, 7s. 6d. 


Andrew Wilson 

THE STUDENT’S GUIDE TO ZOOLOGY. 

By Andrew Wilson, Author of “Elements of Zoology,” and Lecturer 
on.Zoology, Edinburgh. With Engravings . . .In November 


R. G. Mayne 

MEDICAL VOCABULARY : an Explanation of all Names, 
Synonymes, Terms, and Phrases used in Medicine and the Relative 
Branches of Medical Science, giving their correct Derivation, Meaning, 
Application, and Pronunciation. Intended specially as a Book of Reference 
for the Young Student. Third Edition ., . .* Fcap 8vo, 8s. 6d. 


“ We have referred to this work hundreds 
of times, and have always obtained the in* 
formation we required . . . Chemical, 


Botanical, and Pharmaceutical Terms are 
to be found on almost every page.”— 
Chemist and Druggist. 


G, Dawson 


MANUAL OF PHOTOGRAPHY. By George 
Dawson, M.A,, PhD., Lecturer on Photography in King’s College, Londoa 


Eighth Edition, with Engravings 

. “Hje new edition of this excellent 
gaannsl, wh^ is founded on and incorpo- 
nUes asmudf*^ Hardwich’s * Photographic 
Ch»ni*tiy? as is valuaWe 'in the present 


. . Svo;^. 60. 

many new methods.an^ materials which 
are so frequently being introduced, make it 
essential that any book professing to keep 
up to the times must be frequently revised, 


stage thef aft. retains . and Dr. Dawson has in this work presented 
best work on ilie subiMt the subject in its most advanced position." 




tueU aspmfesdortali, 13 ms j May 29, 1873. 
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Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 
By Lake Price. Second Edition, Revised and Enlaxged, with numerous 
Engravings.^rown 8vo, 6s. 6d. 

Amongst the Contents are the Practical Treatment of Portraits—Groups in the 
Studio—Landscapes—Groups in Open Air—Instantaneous Pictures—Animals—Architec¬ 
ture-Marine Subjects—Still Life—Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors—Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, Ac. 


“ In these days, when nearly every intel¬ 
ligent person can, after a few weeks, master 
the manipulatory details of our art-science, 
attention to the artistic treatment of sub¬ 
jects is a matter for the serious considera¬ 
tion of the Photographer; and to those who 


desire to enter on this path, Mr. Lake 
Price, in the volume before us, proves 
himself to be ' a guide, philosopher, and 
friend.’ British Journal of Photo- 
graphy. 


C. Brooke 


THE ELEMENTS OF NATURAL PHILOSOPHY. By 


Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 
Dr. Golding Bird. Sixth Edition, with 700 Engravings on Wood. 

[Fcap 8vo, I2S. 6d. 


CO.NTENTS 


I, Elementary Laws and Properties of Matter: Internal or Molecular Forces— 
2, Properties of Masses of Matter: External Forces—3, Statics—4, The Mechanical 
Powers, or Simple Machines— S, Principles of Mechanism—6, Dynamics—7, Hydro¬ 
statics—8, Hydrodynamics—9, Pneumatics—10, Acoustic’.—n. Magnetism; Diamag¬ 
netism-12, Franklinic Electricity—13, Voltaic Electricity—14, Electro-Dynamics — 
15, Electro-Telegraphy — 16, Thermo-Electricity-17. Organic Electricity—18, Catop¬ 
trics and Dioptrics—19, Chromatics—20, Optical Instruments—21, Polarised Light — 
22, Chemical Action of Light: Photography—23, Thonnics —24, Radiant Heat. 


G. P. Rodwell 


NOTES ON NATURAL PHILOSOPHY. 

By G. F. RodvVK.ll, F.R..\.S,, Lecturer on Naturaf Philosophy in Guy’s 
Hospital, Science Master in .Marlborough College. With 48 Wood Engrav¬ 
ings ..... Crown 8vo, 5s. 


"As an ml I oductory text-book for this 
Examination [the Preliminary Scientific 
(M.B.) of the University of London], it is 
quitifthe best one we have seen . . The 
Notes’chiefly consist of lucid and con¬ 
cise definitions, and everywhere bristle with 


the derivations of scientific terms,"— 
Nature. 

" A well-arranged and carefully-writfen 
condensation ot the leading facts and prin¬ 
ciples of the chief elements of Natural 
Philosophy .”—Chemical Niws. 


, • P. Koklrauseh » 

AN INTRODfjgTION TO PHYSICAL MEASUREMENTS, 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F, 
Kohlrausch. Translated frorni the Second German Edition by T. .H. 
Waller, B.A., B. Sc., and H. R Procter, F.C S. With Engravings* ‘ • 
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Thi: following Catalogues issued by Messrs Churchill 
wiliiibe forwarded post free on application: 


1. Messrs ChurchilVs General List of 400 works on Medicine^ 

Surgery, Midwifery^ Malerih Medica, Hygiene^ Anatomy, 
Physiology, Chemistry, &c, &c. 

2. Selection from Messrs Churchilts General'List, comprising 

all recent works published by them on the Art and Silence 
of Medicine. 

3. A descriptvGb List of Messrs ChurchilVs works on Chemistry, 

Phannacy, Botany, Photography, and other branches of 

I * 

. ^Science. 


4, Messrs ChurchilVs Red-Letter List, giving the Titles of 
forthcoming New Works and New hditions. 

I 

[f’ublished every Octobei.l 


5. The Medical Intelligencer, an Annual List of Nerv Works 
V and New Editions published by Messrs J. 6* A. Churchill, 
together with Particulars of the Periodicals issued from 
their House. 


f {Sent in January of each year to every Medical Tractitionei in the United 
Kingdom whose name and addiess can be ay:eitained. A large number 
are also sent to the United States of America, Continental Europe, India, 
and the Colonies.] 





QlURCHILL liave concluded a special arrangement with 
jLiINtlSAY & BLAKISTON, op Philadelphia, in accofSdnCe 
^ diat Finn wUl act as their Agents for th^ t/nited States of 
keqfnng In Stock most of Messrs Churchill’s Books, or 
an T^lfoa advantageous to Authors. Many of the Works 
be easily obtained in America. 









